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RESULTS

Applying three doses of iron (as ferric chloride) manganese (as
manganous chloride), zinc (as zinc sulphate) and copper (as copper
sulphate) to fish groups resulted in an increase of the mean total serum
protein of oregchromis niloticus (Table 1) .However, the high iron dose
(515.4 mg/l) was lehtal to the fish where all of them died within few
hours. The other two doses (low and intermediate) produced a highly
significant (p<0.001) increase of total serum proteiﬁ at the end of the test
period as compared with that of the control fish group. The increase was
131.4% and 222.8% of the control group for the low and intermediate

iron dose treated fish, respectively.

Manganese treatment also caused an increase of the mean total
. serum protein of Q. niloticus as compared with that of the cotrol fish
group. The mean total serum protein was 6.4+0.2, 7.1+0.2 and 7.510.1g/
100 ml for the low, intermediate and high manganese doses respectively
compared to 3.5+0.1g/100 ml for the control group. This increase was
statistically highly significant (p<0.001)and the percentage of increase
reached 82.8%, 102.8% and 1 14%, respectively (Tfable 1).

Total serum protein of the Nile fish; Oreochromis niloticus

increased also after raising the fish for one week period in any of the
doses of zinc (as zinc sulphate). The mean total serum protein value of
the control fish was 3.5t0.1g/100 ml which was increased to 5.56+0.4,
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3.40+0.3 and 10.3x0.5 g/ 100 ml for the low, intermediate and high zinc
doses, respectively. It is clear that the total serum protein of Q. niloticus
reated with the three doses of zinc was highly significantly increased (p<
0.001) and this increase reached 58.8%, 140% and 194%, respectively.

Similarly the mean value of the total serum protein of Q. niloticus
exposed to any of three levels of copper (as copper sulphate) was
increased significantly (p<0.001) as compared with that of the control
fish group. This increase was 61% for fish group treated with low
copper dose, 80% for fish group treated with intermediate copper dose

and 160% for fish group treated with high copper dose, respectively.

It is obvious from table (1) that applying the four metals (iron-
manganese, zinc and copper) at different doses to fish groups resulted in

an increase in the mean value of total serum protein of the Nile fish; O.

niloticus,

siefty




Results

Table (1); Mean and range values of total serum protein (g/100ml) of the blood of
Qreochromis niloticus after exposure to three concentration levels of each of
iron, manganese, zinc and copper (as salts) for 7 days (7 animals were used

per test).
-
Control Iron Manganese Zinc Copper

Low dose
Mean £ S.E. 3.50+£0.10 | 810+030 | 640£020 | 556040 | 5.65+0.10
Range 310—40 | 70—90 | 540—700 | 40-70 50 —6.10
Significance P<0.001 P<0.001 P<0.02 P<0.001
% of change + 1314% +82.8% +58.8% +61%
Intermediate dose
Mean t S.E. 11.3020.40 | 7.10£0.20 | 8.40+0.30 63£020
Range - 10.0—120 | 6.20—7.80 | 7.10~-10.00 | 520 —7.00
Significance P<0.001 P<0.01 - P<0.001 P<0.001
% of change 8% | +1028% | +140% +80%
High dose
Mean + S.E. 750£0.10 | 10.30£050 | 9.10+0.30
Range All fishexpired | 70—8.0 | 820—12.50 | 8.50—10.20
Significance P<0.01 P<0.001 P<0.001
% of change + 114% +194% +160%

v




R_esulrs

Blood Serum Enzymes :

Effect of lron .

\ The activity of each of glutamate oxaloacetate transaminase (GO,
glutamate pyruvate transaminase (GPT) (IU/min/1) and acid (AP) and
alkaline (A1P) phosphatases (kind and king Units/1) enzymes of the serum
of Qrgochrgmig niloticus treated with three doses of iron as ferric

chloride are shown in table (2).

1t is evident that the mean tevel of GOT of the control Q. niloticus
was 27.0£0.7 1U/min/l where as that for fishes raised in the low iron
dose for one week was 39.0£0.4 TU/min/l while that of those kept in the
intermediate iron dose was 53.610.7 TU/min/l. Fish exposed to the high
dose of iron (515.4 mg/1) were expired after few hours of subjection to
that metal salt concentration. Sratistically the increase of the mean level
of GOl activity was highly significant (p<0.001) for both of the low and
intermediate doses as compared with that of the control group. This

© increpse amounted to 449% and 98% in case of fishes treated with the low
and iptermediate doses respectively.

The mean level of GPT activity of the serum of Q. niloticus of the
control fish and fishes exposed to the low and intermediate doses of iron
was 9.0£0.4, 16.5£0.3 and 20.820.7 1U/min/l, respectively. Statistical
analysis revealed that the increase in the mean level of GPT activity was
highly significant (p<0.001) for the low and intermediate doses
respectively. The percentage of increase was 83% for the low dose
exposed fish and 131% in the case of ‘ntermediate dose exposed ones
(Table 2). '
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It can be seen from the table that there was an increase in the mean
tevel of acid phosphatase (AP) activity that reachéd 5.740.05and 7.1%
0.08 kind and king Units/l compared with 2.840.07 kind and king Units/l
‘for the control group fishes. Statistically this increase of AP mean
activity was highly significant (p<0.001) and the percentage of increase
reached 103% and 153% in the case of fish exposed to the low and

intermediate doses respectively.

Furthermore, serum alkaline phosphatase (AlP) mean level of
activity of the control fish group was 21.0£0.4 kind and king Units/
while that for fishes raised in the low dose of iron was 53.3+0.05 kind
and king Units/} and that of fish exposed to the intermediate dose was
59.6+0.5 kind and king Units/L. It is evident that the increase of the mean
AlP activity was highly significant (p<0.001) in both treated groups. This
increase was 153% and 183% in case of fish exposed to low and

intermediate doses of iron respectively.

Jtis evident from the previous data that there was an increase of the

mean level of activity of all of above mentioned enzyme activities of the

~ serum of Q. niloticus subjected fo the two doses of iron (as ferric
chloride) and this increase was more deeper with the increase of the dose
of iron. However, fish subjected to the third dose (high dose) died within

few hours of treatment.
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Table (2): Mean and range values of serum glutamate oxaloacetate transaminase in
(GOT), glutamate pyruvate transaminase (GPT) (1U/min/1) and acid (AP)
and alkaline (Alp) phosphatases (kind and king Units/l) activities of
Oreochromis piloticus after exposure to three concentrations of iron (as ferric
chloride) for 7 days (7 animals were used per test).

~
GOT GPT AP AlP

Control

Mean t S.E. 270070 9.0 £0.40 2.80+£0.07 [21.00£040

Range 240 —1290 | 70—100 | 250 3.0 ] 20.0—220

Low dose

Meun £ S.E. 39.0 + 0.40 16,501 0.30 | 5701005 } 53.30 £ 0.50

Range 390 —410 |950—170 1550 —5.90 | 510 —550

Significance P < 0.001 P < 0.001 P < 0.001 P < 0.001

% of change +44 % +83% +103 % +153 %

Intepmediate dose

Mean £ S.E. 53.60 £ 0.70 }20.80£0.70 | 7.10+£0.08 | 59.60 £ 0.50

Range 510 —55.0 |17.0—220 | 690 —750 | 58.0 —62.0

Significance P < 0.001 P < 0.001 P <0.001 P < 0.001

% of change +98 % +131 % +153% +183 %

High dose

Mean £ S.E. _

Range All fish expired JAl fish expired |All fish expired JAll fish expired

Sigmificance

% of change
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Effect of manganese :
Table (3) summerizes the data obtained for the activity of each of
GOT, GPT (IU/min/l and acid (AP) and alkaline (Alp) phosphatases

'(kind and king Units/l) enzymes of the serum of Oreochromis niloticus

after exposure to .8, 23.6 and 35.4 mg manganese/l (as manganous

chloride) for 7 days versus the control group.

1t is clear that the mean jevel of GOT activity of the serum of Q.
niloticus increased as the dose of manganese was increased. The mean
level of activity of the control fish was 27.020.7 IU/min/l. This level was
increased to 31.0£0.7, 34.0£0.4 and 37.3+0.3 1U/min/l after subjecting
the fish groups to the low, intermediate and high manganese doses
. respegtively. These increases revealed that they were dose dependent. All
of which were statistically highly significant (p<0.001). This represented
an increase percent over the mean level of serum GOT activity of the
contrpl group amounting to 14.8%, 25.9% and38% for the fish exposed
to the low, intermediate and high manganese doses respectively.

Also the mean level of GPT activity of the serum of O. niloticus was
markedly increased. The mean level of the enzyme activity was 9.0£0.40,
10.30£0.10, 13.60+0.30 and 19.102£0.20 1U/min/l for the control fish
group and fish subjected to the low, intermediate and high doses of
manganese respectively. This increase was 14.5% in case of fish
subjected to the low dose, 51% in case of fish subjected to intermediate
dose and 112% in case of fish subjected to high dose, respectively.
Satistically all of these increases were highly significant at P<0.05 and P<
0.001 levels respectively.
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The mean level of acid (AP) _phosphatase activity was markedly

_ increased after subjecting the fish groups to the three doses of manganese
as compared with that of the control group. The mean level of AP
“activity of the control group was 2.8+0.07 kind and king Units/l while
that of fish subjected to the low, intermediate and high doses of
manganese was 4.8+0.1, 5.5£0.08 and 6.50.1 kind and king Units/l
respectively.’[‘his increase was highly significant (p<0.001) for all the
three doses where it reached 71%, 96% and 132% of the mean control

level for the low, intermediate and high doses respectively.

Also serum alkaline phosphatase (AIP) activity of O. niloticus was
markedly increased. The mean level of the enzyme activity was 21.0+0.4:
34.5+0.7. 39.6£0.5 and 44.6£0.7 kind and king Units/i for the control
fish group and fish subjected to the low, intermediate and high doses of
manganese respectively. This increase was 64% in case of fish treated
with the low dose, 889% in case of fish s_ubjected to the intermediate dose
and }12% for those exposed to the high manganése dose respectively.
Statistically all of these increases were highly significant at p<0.001
levels.

As it can be stated from table (3) that there was an increase of the
mean level of activity of the four serum (GOT, GPT, AP and AlP)
enzymes tested due to treatment with manganese as manganous chloride.
However, the InCreases of serum AP and Alp activities were pronouncing
than that of GOT and GPT activities. "'
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Table (3): Mean and range values of &
ate pyruvate trans
osphatases (AIP) (

(GOT), glutam
and alkaline ph
romis niloticus a

fier exposure to three ¢

erum glutamate o
y (IU/min/1) and ac
s/1) activities of
f manganese (as man-

aminase (GPT) (
kind and king unit
oncentrations o

xaloacetate transaminase
id (AP)
Oreoch-

ganous chloride) for 7 days (7 animals were used per test). |
o .
GOT -GPT AP AlP

Control

Meun t S.E. 27.0 £0.70 9.0 £ 0.40 280007 |[21.00% 0.40

Range 240 —290 | 70— 100 | 2.50—3.0 200 — 22.0

Low dose

Mean £ S.E. 31.0£0.70 |1:0.30£0.10 480+ 0.10 | 3451070

Range 290 — 320 |100—110 420 — 5.50 | 35.0—380

Significance P < 0.02 P < 0.05 P <0.01 P < 0.001

% of change + 14.8 + 145 % +M1 % +64 %

Intepmediate dose

Mean £ S.E. 340 +0.40 | 13.6£0.30 .50 £ 0.08 | 39.60 £ 0.50

Range 330 — 350 |13.0—150 5.30 — 5.80 | 38.0 —42.0

Significance P < 0,001 P < 0,001 P < 0.001 P < 0.001

% of change +25.9 +51% +96 % +88 %

High dose

Mean £ S.E. 3730 £0.30 [ 19.102 020 | 6.50£0.10 44,60 £ 0.70

Range 36.0 — 38.0 | 18.0 —20.0 6.10 — 6.80 | 42.0 — 480

Significance P < 0.001 P < 0.001 P < 0.001 P < 0.001
L%ofchangc +38 % +112 % +132 % + 112 %

s
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Effect of zinc :

Table (4) shows the data obtained for the activity of each of serum
glutamate oxaloacetate transaminase (GOT), glutamate pyruvate
‘tronsaminase (GPT) (IU/min/l) and acid (AP) and alkaline (Alp)
phosphatases (kind and king Units/l) enzymes of the fish; Qreochromis
niloticus after exposure to 7.9 (low dose), 15.8 (intermediate dose) and
23.7 (high dose) mg/! of zinc (as zinc sulphate) for 7days as compared
with that of the control group.

It is evident that serum GOT mean level of activity of O.niloticus of
the control group was 27.020.7 IU/min/l where as those of fish subjected
to 7.9, 15.8 and 23.7mg/l of zinc (as zinc sulphate) were 36.81+0.3, 40.0%
0.4 and 53.6+0.7 IU/min/l respectively. The differences between the
mean level of GOT activity of the control group and that of the three
different zinc levels treated groups were highly significant (p<0.001).
The data declared an increase of the mean level of GOT activity reaching
36%,48% and 96% for the fish subjected to the low, intermediate and
high doses respectively.

GPT mean level of activity of the serum of Q.niloticus exposed to
different levels of zinc for 7 days declared a marked increase also from
that of the control fish. This increase was more or less dose dependent of
zinc(Table 4). Statistically these increases of serum GPT activity of fish
subjected to the low, intermediate and high doses were highly significant
(p<0.001). These increases were 53%, 105% and 144% for the fish
exposed to the low, intermediate and high zinc doses respectively.
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Mean serum acid phosphatase activity of the Nile fish; Q. niloticus
was found to be markedly increased due to subjection of the fish to the
three doses (low, intermediate and high) of zinc. The mean serum AP
.activity of the control fish proup was 2.8+0.07 kind and king Units/l
which was increased to 5.4£0.1, 7.520.1 and 7.740.07 kind and king
Units/1 after subjecting the fish groups to low, intermediate and high zinc
doses respectively. Statistical analysis showed that there was a highly
significant increase (p<0.001) of serum AP activity due to treating fish
with any of the three doses of zinc respectively. This represented 92%,
167% and 175% increase respectively (Table 4).

The table declared also that the mean level of serum alkaline (Alp)
phosphatase activity was increased significahtly (p<0.001) after
subjecting the fish to low, intermediate and high zinc doses respectively.
This increase reached 58%, 128%and 149% respectively over that of the
contro! fish group. (Table 4).

As it can be seen from the previously cited data there was a marked
increase of the mean level of activity of the serum enzymes tested
(GOT.GPT,AP and AIP) due to zinc treatment al any of the three

coceptration levels used.
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Effect of Copper :

The mean values of each of glutamate oxaloacetate transaminase
(GOT), glutamate pyruvate transaminase (GPT) (IU/min/l) and acid (AP)
‘and alkaline (AIP) phosphatases(kind and king Units/l) enzymes of the
serum of the Nile fish; Oreochromis niloticus after subjection to three
concentrations of copper (low 0.126mg/l, intermediate 0.252mg/l and
high 00.278mg/1) as copper sulphate for 7 days as compared with those
of the control group are shown in table (5).

It is clear that there was a marked increase of serum GOT activity
with increasing copper dose. GOT mean activity of the control fish was
2740.7 1U/min/l which increased to 31.3+0.3, 33.3+0.3 and 39.3+0.8 1U/
min/l after subjecting the fish groups to low, intermediate and high
* copper doses respectively. This increase was statistically significant (p<
0.01, p<0.002 and p<0.001 respectively). It reached 15.9%, 23% and
45.5% in the order mentioned.

The same table depicts that the GPT mean level of activit inéreased
also by increasing copper dose. This level was 9.610.3,13.3+0.] and
15.020.2 IU/min/l for the three groups of fish respectively compared to
9.020.4 1U/min/I for the control fish group. Statistically the increase in
case of low copper dose treated group was insignificant, while those of
the other two doses were highly significant (p<0.001) and amounted to
6.6%, 47.7% and 66.6% respectively.
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Similarly the mean acid phosphatase (AP) level of activity of the
control group was 2.8+0.07 kind and king Units/l was increased to 3.6+
0.1, 5.3+0.1 and 6.2+0.08 kind and king Units/min/l for the fish groups
‘treated with the low, intermediate and high copper doses respectively.
These increases reached 28.5%, 89% and 121% over that of the mean
control fish group.

Furthermore, serum alkaline phosphatase (AIP) activity increased
also by 25%, 53.8% and 75% due to increasing copper dose respectively.
This increase was significant (p<0.01) in case of the low level of copper
while it was highly significant (p<0.001) in case of the intermediate and
high doses of the same metal (Table 5). ‘

As it can be seen in table (5) the three copper doses (low,
intermediate and high) affeced markedly the four enzyme activities and
mostly this effect was dose dependent. The effect of the high copper dose
on AP and AIP activities was markedly pronouncing than on the other
two enzymes.
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Table (5): Mean and rang
(GOT), glutamate py

e values of serum glutamate oxaloacetate transaminase
ruvate transaminase (GPT) (IU/min/1} and acid (AP) and

\,

alkaline (AIP) phosphatases (kind and king Units/l) activities of Qreochromis
niloticus after exposure to three concentrations of copper (as copper sulphate)
for 7 days (7 animals were used per test).
[ h
GOT GPT AP AlP
Control
Mean + S.E. 2701070 9.0 £ 0.40 2.80 £0.07 |} 21.00 +0.40
Range 240 —1290 | 7.0 — 100 | 2.50—3.0 | 20.0—220
Low dose
Mean £ S.E. 31.30 £ 0.30 | 9.60 0.30 3.60 £0.10 | 2630 +0.70
Range 300 —1320 | 9.0—11.0 | 3.0-—-3.90 |]24.0—250
Significance P < 0.01 insignificant P <0.001 P < 0.0l
% of change +159% +6.6 % + 28.5% +25%
Intermediate dose
Mean t S.E. 33,30 +0.30 | 13.3+£0.10 | 530+0.10 | 3230+ 0.60
Range 320 — 340 | 13.0— 140 | 5.0 —5.80 31.0—35.0
Significance P < 0.002 P < 0.001 P < 0.001 P < 0.001
% of change +23 % +47.7 % +89 % + 53.8%
High dose
Mean £ S.E. 3930 £ 0.80 | 150020 | 6.201£0.08 | 36.8010.70
Range 370-420 14.0 - 16.0 5.90 - 6.50 35.0 - 40.0
Significance P < 0.001 P <0.001 P < 0.001 P < 0.001
% of change +45.5% + 66.6 % +121 % +75 %
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Total Liver Protein:

The mean values of the total protein of the liver of the nile
fish: Oreochromis niloticus after exposure to three levels of each of irqn
.(as ferric chloride), manganese (as manganous chloride), zinc (as Zinc
sulphate) and copper (as copper sulphate) for 7 days are shown in table
(6). As it can be depicted from the table the mean level of the total
proteins of the liver of the control Q. niloticus was 0.018 + 0.003 g/g
‘animal tissue whereas that for fishes subjected to the low, intermediate
and high doses of iron was 0.043 £ 0.002 and 0.064 £ 0.002 g/g liver
tissue respectively. Fishes subjected to the third high concentration
(515.4 mg/l) of iron died within few hours from starting of the
experiment. Statistical analysis showed that there was a highly significant
increase (P<0.01 and P < 0.001) of the total liver protein due to
subjecting the fish groups to the low and intermediate doses of iron
containing water. These increases represented 138% and 255% over the
mean control level respectively.

Table (6) depicts that the effect of manganese (as manganous
chloride) on the total liver protein of Q. niloticus was a marked increase.
- Fishes subjected to the three levels of manganese revealed a mean tolal
liver protein of 0.023 * 0.002, 0.038 £ 0.004 and 0.052 + 0.003 g/g
liver tissue for the three manganese treated fish groups respectively.
Statistically all of these data were highly significantly increased (P <
0.01, P<0.02 and P<0.002) at the three manganesc levels respectively.
The increase reached 94%, 111% and 188% of the mean total liver
protein coatent of the control fish for the low, intermediate and higli

manganese (reated fish groups respectively.
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Similarly total liver protein of fish groups treated with zinc as
zinc sulphate was markedly increased. This increase was 83%, 150% and
233% for fish groups treated with water containing low, intermediate
‘and high doses of zinc, respectively. It is worthy to mention that these
increases were statistically significant (P < 0.01, P < 0.02 and P < 0.002)

for the low, intermediate and high zinc treated fish respectively.

The mean total liver protein of fishes raised in normal water
and water containing the three doses of copper (low, intermediate and
high doses) as copper sulphate were 0.018 + 0.003, 0.024 + 0.0009.
0.032 + 0.003 and 0.042 * 0.008 g/g liver tissue respectively. It is clear
that the total protein of liver Q. niloticus treated with the low level of
copper was insignificantly increased while that of fish subjected to either
intermediate or high dose of copper was significantly increased (P<0.05).
Furthermore these increases reached 33%, 77.7% and 133% over that of
the mean control group.

[t is clear that the four metals (iron, manganese, zinc and
copper) had affected markedly total liver protein level. However, the
effect of low doses of copper and zinc was less than that of iron, while
the high doses used of copper, manganese and zinc induced detectable

increase of liver protein synthesis.
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Table (6): Mean values of total liver protein (g/g liver tissue) of Qreochromis niloticus
after exposure to three levels of iron, manganese, zinc and copper for 7 days
(7 animals were used per test).

N
Iron Manganese Zinc Copper

Control

Mean * S.E. 0.018 +0.003

Range 0.001—0.037

Low dose

Mean % S.E. 0.043 + 0.002 §0.035+0.001 [0.033 £ 0.0004 p.024 £ 0.0009

Range 0.032—0.052 10.026—0.040 |0.032—0.034 1 0.020—0.027

Signiticance P < 0.0l P<0.01 P<0.01 in significnat

% of change +138% +94% +83% +33%

Intermediate dose
Mean + S.E.
Range
Significance

% of change

High dose
Mean + S.E.
Range
Significance
% of changs

0.064 £ 0.002
0.058-—0.072
P < 0.001
+255%

All fish expired

0.038 £ 0.004

0.029—0.063
P < (002
+11 16

0.052 +0.003
0.044—0.068
P < 0.002
+188%

0.045 + 0.0005
0.043—0.047
P < 0.001
+150%.

0.060 * 0.004
0.043—0.079
P <0.002
+233%

0.032 £ 0.003
0.021—0.045
P < 0.05
+77.7%

0.042 £ 0.008
0.019—0.080
P <0.05
+133%
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Liver Enzyme Activities
1. Effect of Iron:
Applying fish groups to different doses of iron as ferric

chloride for 7 days resulted in an inhibition of liver glutamate
oxaloacetate transaminase (GOT), glutamate pyruvate transaminase
(GPT) (IU/g tissue/min) and acid and alkaline phosphatases (Kind and
King Units/g tissue) enzymes of the fish; Oreochromis niloticus. Fish
exposed to the high dose of iron as ferric chloride (515.4 mg/l) died

within few hours of subjection to that metal salt dose (Table 7).

The mean level of liver GOT activity was 2,613 + 0,07 1U/g
tissue/min for the contro! fish while it was 0.834 £ 0.03 and 0.394 £ 0.02
[U/g tissue/min in case of fish subjected to 171.8 and 343.6 mg Fecly/l
(low and intermediate) doses respectively. However, there was a
significam deerease (P < 0.001) of the mean level of liver GOT activity
between the control group and that of the group of fishes subjected to the
low and intermediate iron levels. The percentage of decrease reached
68% and 84.9%, respectively (Table7). |

It is clear from the table that the mean level of GPT activity of
the ljiver of O. niloticus was 0.653 + 0.04 iU/g tissue/min while that of
the fish groups exposed to the low and intermediate iron doses was 0.432
+ 0.008 and 0.216 = 0.01 1U/g tissue/min respectively. The data revealed
a decrease of the mean level of GPT activity which was statisticalliy
highly significant (P < 0.0] and P<0.001) for both iron doses treated fish
as compared with that of the control group. This decrease reached 33.8%

and 66.9% respectively.




Results

The mean level of liver acid phosphatase activity of Q.niloficus
of the control group was 0.452 £ 0.007 Kind and King Units/g tissue.
This activity was pronouncly decreased to reach 0.075 £ 0.003 and 0.049
+ 0.001 Kind and King Units/g tissue after exposing the fish to the low
and intermediate doses of iron respectively (Table 7). This decrease was
highly signiticant (P < 0.001) and reached 83.4% and 89% of the mean

control liver level respectively.

The mean level of liver alkaline phosphatase activity of
O.niloticus was 2,154 £ 0.02, 0.748 + 0.03 and 0.464 £ 0.01 Kind and
King Units/g tissue for the control, low and intermediate iron doses
respectively. Statistically these results revealed a highly significant
decrease (P < 0.001) of the mean level of alkaline phosphatase activity in
case of both of the low and intermediate doses of iron treated fish
groups. The percentage of decrease of the enzyme activity reached 65%

and 78.4% respectively of that of the control group.

It is obvious that. there was a decrease in the mean level of
liver activity of all of the above mentioned enzymes diu to treatment with
the two doses when compared to the control group. At the high dose of
iron the fishes were expired within few hours from the beginning of the
experiment. This inhibitory effect of iron was markedly noticed in the

case of alkaline phosphatase and least in case of GPT.
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Table (7): Mean and range levels of glutamate oxaloacetate transaminase (GOT), gluta-
mate pyruvate transminase (GPT) (IU/g liver tissue/min) and acid (AP) and
alkaline (AIP) phosphatases (kind and king Units/g tissue) activities of the
liver of Qreochromis niloticus after exposure to three levels of iron (as ferric

chloride) for 7 days (7 animals were used per test).

GOT

GPT

AP

AlP

Contyol
Mcean £ S.E.

Range

Low dose
Mean £ S.C.
Runge
Significance

% of change

Itermediate dose
Mean = S.LE.
Range
Signiticance

G of change

High dose
Mean = S.E.
Runge
Significance

% of change

2,61320.07
2.459--2,959

(0.834 £ 0.03
0.733~--0.934
P < 0.00!
-68%

0.394 £ 0.02
(0.324—0.467
P < 0.001
-84.9%

All fish expired

0.65320.04
(1L.546--0.833

(0,43210.008
0.412—0.465
P<0.01
-33.8%

0.216 % 0.01
0.185—0.277
P < 0.001
-66.9%

Al fish expired

0.45210.007
0.429-—-0.483

0.075 £ 0.003
0.059--0.088
P<0.001
-83.4%

0.049 '+ 0.001
0.046—0.056
P < 0.001
-89%

All tish expired

2.15410.02
2.065--2.247

0.748 £ 0.03
0.610--0.921
P<0.01
-65%

0.464 £ 0.01
(0.416—0.514
P < 0.001
-78.4%

All fish expired
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2. Effec i 2

The data shown in table (8) revealed that the mean level of
activity of GOT of liver of Q. niloticus of the control group was 2.613
0.07 FU/g tissue/min while the values of fishes exposed to low,
inlcrmcdiuic and high doscs of mangancse as manganous chloride were
1304 + 0.04. 0.812 £ 0.03 and 0.365 £ 0.02 1U/g tissuc/min
respectively. 1t is clear that the decrease recorded between the mean
activity of liver GOT of the control and that of any of all of the
manganese treated groups was highly significant (P < 0.001). These
decreases of the enzyme activity attained 50%. 68.9% and 86% for the

three metal doses, respectively.

It is evident from table (8) that the mean level of GPT activity
of liver was 0.653 + 0.04, 0.451 £ 0.01, 0.338 £ 0.02 and 0.152 £ 0.009
[U/g tissue/min for the control and low, intermediate and high
manganese doses treated fish groups respcctivel-)./. It is seen that the
decroase of the mean level of GPT activity was significant (P < 0.01) in
case of the first dose (low dose) while it was highly significant (P<
0.00]) in case of the other two concentrations. This decrease reached
30.9%. 48% and 76.7% of the mean control value for the three

mangancese doses used respectively.

I'he mean level of acid phosphatase activity of the liver of
O.niloticus of the control group was 0.452 0.007 Kind and King Units/
g tissue while that of those fishes subjected to low, intermediate and high
levels of manganese were 0.170 £ 0.006, 0.154 = 0.004 and 0.083 +
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0.004 Kind and King Units/g tissue/min respectively. The data clearly
show that the mean level of the liver cnzyme' activity decreased
significantly (P < 0.001) on subjecting the fish to any of the three
manganese levels. This decrease amounted to 62.3%, 65.9% and 81.6%

for the three levels respectively.

Regarding to liver alkaline phosphatase mean activity of the
control fish group it was 2.154 £ 0.02 Kind and King Units/g tissue,
while that recorded for the three levels of manganese was 1.622 0.03,
0.834 + 0.02 and 0.740 £ 0.03 Kind and King Units/g tissue respectively.
The data showed a marked decrease of the enzyme activity which was
highly significant (P< 0.001) for all treated groups. The decrease of the
mean level of liver alkaline phosphatase activity reached 24.6%, 61% and
65.6% for fishes subjected to low, intermediate and high levels of

manganese, respectively.

As it can be seen from the previously cited data that there was
a marked decrease ol the mean level of activity of the four enzymes of
the fish liver under investigation when they were exposed to the above
men'ti_oned concentrations as compared to that of the control group.
However, such inhibition was considerably slight in case of liver GPT of
the fish groups subjected to the low and intermediate manganese doses

and liver atkaline phosphatase of the low metal treated fish.
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Table (8): Mean and range levels of glutamate oxaloacetate transaminase (GOT), gluta-
mate pyruvate transminase (GPT) (1U/g liver tissue/min) and acid (AP) and
alkaline (AIP) phosphatases (kind and king Units/g tissue) activities of the
liver of Qreochromis piloticus after exposure to three levels of manganese (as

inanganous chloride) for 7 days (7 animals were used per test).

GOT GPT AP AlP

Control
Mean £ S.E. 2,613 £0.07 |} 0.65320.04 | 0.452+0.007 | 2.15420.02
Range 2.459—2.989 }0.546—0.833 10.429-0.483 | 2.065—2.247
Low dose
Meun £ S.E. 1.304 £ 0.04 | 0.45120.01 10.170 £ 0.006 | 1.622 £ 0.03
Range 1. 188—1.450 10.402—0.466 |0.150—0.188 | 1.534—1.776
Significance P < 0.001 P<0.01 P<(.001 P<0.001
% of change -50% -30.9% -62.3% -24.6%
Intepmediate dose .
Megn £ S.E. 0.8121£0.03 |0.338 £0.02 |0.154 £0.004 ] 0.834 £ 0.02
Range 0.666—0.890 10.266—0.413 10.140—0.173 10.738—0.896
Significance P« ().()(31 P < (0.002 P < 0.001 P < 0.001
% of change -68.9% -48% -65.9% -61%
High dose
Mean * S.E. 0.36510.02 1 0.15210.009 | 0.0831£0.04 | 0.74040.03
Range 0.307—0.510 ]0.150—0.157 ]0.068—0.097 ]10.653—0.842
Significance P<0.001 P<0.001 P<0.001 P<0.001
% of change -86% -760.7% -81.6%% -05.0%

\
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3. Effect of Zing:

Application of zinc as zinc sulphate at the three chosen
concentrations to the fish; Q. niloticus for one week induced a marked
‘reduction of liver GOT activity. From table (9), it is clear that the mean
level of GOT activity of the liver of the control group was 2.613 £ 0.07
1U/g tissue/min, while that of fishes exposed to the low, intermediate and
high doses of zinc was 0.865 + 0.02, 0.692 + 0.02 and 0.550 £ 0.03 1U/g
tissug/min respectively. Analysis of the data presented in table (9)
revealed that, there was a significant decrease (P < 0.001) of the mean
level of liver GOT activity of the fish groups subjected to the three zinc
levels as compared with that of the control group. The decrease was
66.8%. 73.5% and 78.9% of the mean control value respectively. |

The mean level of liver GPT activity of Q. piloticus of the
control group it was 0.653 £ 0.04 1U/g tissue/min while that of fishes
exposed to the low, intermediate and high zinc levels was 0.535 £ 0.02,
0.215 £ 0.01 and 0.132 £ 0.009 1U/g tissue/min in the order mentioned.
Statistically, it is clear that there was a moderate significant decrease (P <
0,03) of the mean level of liver GPT activity of the fish groups subjected
1%} lhc tow level of zine, but a marked decrease (P < 0.001) of the enzyme
n'(:l.iv'ily was recorded after application of the two higher zinc levels.
These decreases were 18%, 67% and 79.7% of the mean control level for

those fishes treated with low, intermediate and high doses respectively.

A pronouncing decrease of liver acid phosphatase activity (P <

0.001) was found when Q. niloticus was subjected to any of the three zinc

P N o S S 2 faridiay b 0 S e e Y
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concentrations used. The mean level of activity was 0.170 £ 0.004, 0.112
+ 0.005 and 0.083 + 0.002 Kind and King Units/g tissue for the fishes
treated with the three doses of zinc, respectively compared to 0.452
'0.007 Kind and King Units/g tissue for that of the control group (Table
9). This decrease reached 62%, 75.5% and 81.6% of the mean level of

the control value for the three concentrations of zinc respectively.

Table (9) shows also that the mean level of alkaline phosphatase
activity of the liver of the control Q.niloticys group was 2.154 £ 0.02
Kind and King Units/g tissue, yet that of the three groups treated with
zine as zinc sulphate for one week was 0.934 = 0.008, 0.653 £ 0.03 and
0.434 + 0.02 Kind and King Units/g tissue respectively. It is clear that
there was a highly significant (P < 0.001) decrcase of liver alkaline
phosphatase activity due to application of the three levels of zinc as
compared with that of the control group. The data declared a decrease of
56.6%. 69% and 79.8% of the mean control value for fishes treated with

the law. intermediate and high doses of zinc respectively.

Considering the previous data it is evident that there was a
marked decrease of the mean level of activity of each of liver GOT, GPT
and acid and alkaline phosphatases activities due to zinc treatment.
However. the low dose caused a moderate but significant decrease of
liver GPT activity as compared to the effect of the same dose on the

other enzymes.




Table (9): Mean and range levels of glut

alkaline {AlP) phosphatases
the liver of Qreochromis niloticus a

Results

amate oxaloacetate transaminase (GOT), gluta-
mate pyruvate transminase (GPT) (1U/g liver tissue/min) and acid (AP) and

(kind and king Units/g tissue/min) activities of -

zine sulphate) for 7 days (7 animals were used per test).

fier exposure 1o three levels of zinc (as

GOT GPY AP AlP )
Control
Mean £ S.E. 2,613 £0.07 | 0.653£0.04 | 0.45210.007 | 2.154+0.02
Range 2.459—2.989 |0.546—0.833 |0.429—0.483 ]2.065—2.247
Low dase
Mean % S.E. 0.865 £ 0.02 | 0.535+0.02 ]0.170 £ 0.004 |0.934 £ 0.008
Range , 0.800—0.943 0.471—0.650 |0.154—0.183 }0.900—0.972
Significance P < 0.00] P<0.05 P<0.001 P<0.001
% of change -66.8% -18% -62% -56.6%
Intermediate dose
Meuan % S.E. 0.692 +0.02 §0.215+001 [0.112£0.005 } 0.653 £ 0.03
Range 0.593—0.744 ]0.182—0.281 |0.078—0.094 }0.509—0.751
Significance P< ().()()l:; P < 0.001 P < 0.001 P < 0.001
% of change -73.5% -67% -75.5% -69%
High dose
Mean = S.F. 0.55040.03 | 0.132£0.009 | 0.083£0.002 | 0.434%0.02
Range 0.458—0.610 §0.100—0.158 ]0.078—0.094 |0.321—0.516
Significance P<0.001 P<0.001 P<0.001 P<0.001
% of change -78.9% -19.7% -81.6% -79.8%

o
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4, [Effect of Copper:
Table (10) shows the activity of each of glutamate oxaloacetate
transaminase (GOT), glutamate pyruvate transaminase (GPT) (IU/g
tissue/min) and acid and alkaline phosphatases (Kind and King Units/g
tissue) enzymes of the liver of Qreochromiy niloticus after exposure to
three concentrations of copper sulphate (0.126 mg/1 low dose, 0.252 mg/
| intermediate dose and 0.378 mg/l high dose) for 7 days.

It is clear from the table that the mean level of liver GOT
activity was 2.613 £ 0.07, 1.451 + 0.07, 0.608 + 0.05 and 0.351 + 0.05
1U/g tissue/min for the control fish group and fishes subjected to low,
intermediate and high doses of copper respectivély. It is evident that
copper treatment induced a marked decrease of liver GOT activity and
this decrease was highly significant for all copper doses used (P < 0.00)).
The data declared a decrease of the mean level of GOT activity reaching
44.4%. 76.7% and 86.5% of the mean control enzyme activity for those
Fish gaised for one week in the low, intermediate and high copper levels

respactively.

Furthermore, copper as copper sulphate induced also a
signjficant decrease of liver GP'I" activity of fish raised in any of the
three concentrations used. However, these decreases were not as deep as
those found in case of GOT activity. The mean liver activity of GPT was
0.653 + 0.04 1U/g tissue/min for the control whereas it was 0.494 + 0.03,
(P < 0.05); 0.213 £ 0.01 (P < 0.001) and 0.170 £ 0.01, (P < 0.001) 1U/g

tissue/min for those fish groups subjected to the low, intermediate and
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high doses of copper for one week respectively (Table 10). These
decreases of the mean level of GPT activity reached 24.3%, 67.3% and
73.9% of the mean control level for the three concentrations used

| respectively.

The mean level of acid phosphatase activity of the liver of Q.
niloticus of the control fish group was 0.452 + 0.007 Kind and King
Units/g tissue, while that for those fishes subjected to the low,
intermediate and high copper levels was 0.251 = 0.004, 0.173 = 0.004
and 0.097 + 0.005 Kind and King Units/g -tissue respectively.
Statistically, it could be observed that copper treatment resulted in a
marked decrease of the enzyme activity due to all doses used. This
decrease was significant (P < 0.001) for the results obtained after the
three concentrations application. These decreases reached 44.4%, 61.7%
and 78.5% for the low, intermediate and high copper doses used as
compared with that of the mean control value. |

Liver alkaline phosphatase mean activity of the fish groups was
alfected also by copper application. The mean activity of the control
group was 2.154 £ 0.02 Kind and King Units/g tissue while it was 1.827
}. 0.05, 0.763 £ 0,06 and 0.513 + 0.07 Kind and King Units/g tissue after
ﬂppliculion of the three levels of copper respectively. This indicated a
s}aﬁsiically significant (P < 0.01) decrease in case of the low copper level
and a highly significant (P < 0.001) one in case of the two higher copper
levels. This decrease reached 15%, 64.5% and 76% of the mean control
value after subjecting the fish to the three copper concentrations

respectively (Table 10).




“Results

It can be seen from the previous results that there was a
general decrease of all liver enzyme activities under investigation due to
application of the three copper levels. However, it is clear that the effect
‘induced by the low copper level was least in case of alkaline phosphatase
and GPT. Doubling copper concentration on the other hand, sharply

inhibited the activities of all enzymes tested.




Table (10): Mean and range levels of glutamate oxaloacetate transaminase (GOT), glu-
tamate pyruvate transminase (GPT) (IU/g liver tissue/min) and acid (AP) and
alkaline (AIP) phosphatases (kind and king Units/g tissue) activities of the
liver of Qreochromis piloticus after exposure to three levels of copper (as

Resulis

copper sulphate) for 7 days (7 animals were used per test).

.
0T GPT AP AlP

Control
Mean * S.E. 2,613 £0.07 | 0.653£0.04 ] 0.45210.007 | 2.15410.02
Range 2.459—2.989 ]0.546—0.833 |0.429—0.483 | 2.065—2.247
Low dose
Mean t S.E. 1.451 £0.07 | 0.494£0.03 |0.251 £0.004 | 1.827 £ 0.05 .
Range 1.214—1.784 [0.363—0.582 ]0.240—0.272 | 1.636—1.964
Significance P < 0.001 P<0.05 P<0.001 P<0.01
% of change -44.4% -24.3% -44.4% -15%
Integmediate dose
Megn + S.E. 0.608 £0.05 J0.213+£0.01 0.173 £ 0.004 ] 0.763 £ 0.06
Range 0.440—0.724 {0.158—0.258 ]0.160—0.187 |0.582—0.942
Signyificance P<000l | P<oool | P<0001 | P<0.001
% of change -76.7% -67.3% -61.7% -64.5%
High dose :
Mean % S.E. 0.351£0.05 1 0.17020.01 | 0.097+0.005 | 0.513%0.07
Range 0.247—0.640 ]0.114—0.200 ]0.075—0.119 10.346—0.852
Significance P<0.001 P<0.001 P<0.001 P<0.001
% of change -86.5% -73.9% -18.5% -76%

\ ; J
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Similarly the mean level of total brain protein of Q. niloticus
treated with copper (as copper sulphate) was markedly increased. This
increase was 42.8%, 61.9% and 90% for fish groups treated with water
'containg low, intemediate and high doses of copper respectively. These
increases were statistically highly significant (P<0.001) for fish groups
treated with water containg low, intermediate and high doses of ‘copper
treated groups respectively.

It is clear that applying the four metals (iron, manganese, zinc and
copper) with different doses to fish groups resulted in an increase of the
mean total brain protein of the Nile fish; O.niloticus.




Results

Table {11); Mean values of total brain protein (g /g brain tissue) of Qreochromis
niloticus after exposure to three doses of iron, manganese, zinc and copper
(as salts) for 7 days (7 animals were used per test).

r \
Control Iron Manganese| Zinc Copper
Low dlose
Meap £ S.E. 0021 £ 0.0003] 0.036 2 0.001 |0.038 £ 0.0009] 0.037 £ 0.001 | 0.030 £ 0.0005
Range 0.020 — 0.023§0.031 — 0.039 ] 0.036— 0.042 ]0.030 — 0.042]0.028 — (.032
Signilicance P<0.001 P<0.001 P<0.001 P<0.001
% of change +71% +80.9% +76% + 42.8%

Integmediate dose

Mean £ S.E. 0.0390.0005 | 0.0390.0003 | 0.394£0.0006 |0.034 % 0.0006
Range 0.038—0.042 | 0.038—0.040 | 0.037—0.04070.033 — 0.037
Significance P<0.001 P<0.001 . P<0.001 P<0.001

% of change +85% +85.7% +95% +61.9%
High dose 0.041 £ 0.00043 0,04 1£0.0008 | 0.0400.0003
Mean * S.E. 0.040— 0.043 ] 0.038—0.044 § 0.040--0.042
Range Allfishexpired | P<0.001 - P<0.001 P<0.001
Signiticance +95% +85.7% +90%

% of change
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Brain Enzyme Activities:
Eff f individual ol

A set of experiments was carried out in which the individual metal
‘solutions were applied on the fish at low (171.8 mg Feclqy/l, 11.8 mg

Mncl, /1, 7.9 mg ZnSoy/l and 0.126 m.g CuSoy/D). Intermidiate (343.6
mg FeCly/l 23.6 mg MnCl,/1, 15.8mg Znsoy/1 and 0.252 mg CuSoy/1)
and high (515.4 mg Fecly/l, 35.4 mg MnCl,/l, 23.7 mg ZnSo,/1 and
0.378 mg CuSoy,/l) doses. The first one (low dose) was equivalent to that
analyzed spectrophoto- -metrically of the Nile watef 2 meters a way from
the shore. The other concentrations were doublicates (intermediate dose)

and tripplicates (high dose) of the salt ion concentrations. In each test 7

fishex were reared in each individual metal level for 7 days.

1- E[ﬁw_.of_lm.n

| It was noticed that at thé high iron level all the fishes died
within few hours of application of the metal. Table (12) shows the data
obtained for the activity of each of glutamate oxaloacetate transaminase
(CiO ), glutamate pyruvate ransaminase (GPT) (IU/g/tissue/ min), and
acld and alkaline phosphatases (kind and king units/ g tissue) enzymes of
the brain extracts of Oreochromis niloticus after exposure to 171.8,
343, 6 and 515.4 mg iron/l of as ferric chloride as compared to the
control fish.

It is evident that, the mean level of GOT activity of the brain
of the control of Q.niloticus was 2.540%0.10 IU/g tissue/ min and that

REE TR
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for fishes raised in the low iron dose for one week ‘was 0.713+0.07 1U/g
tissue/min. while that of those kept in the intermediate dose was 0.645%
0.07 1U/g tissue/ min . Statistically, the decrease of the mean level of
"GOT activity was highly significant (p<0.001) for-both of the low and
intermediate doses treated groups as compared to that of the control one.
This decrease amounted to 71.9% in case of fishes treated with the low
dose and 74.6% for those exposed 1o the intermediate dose which indicate
a dose dependent decrease of the enzyme activity.

It is clear also that, the mean level of GPT activity of the brain
of fish exposed to iron showed the same pattern of decrease, where the
mean level of enzyme activity of the control was 0.985+0.05 TU/g tissue/
min which decreased to 0.408+05 and 0.2780.03 1U/g tisue/min after
expasing the fish to the low and intermediate doses respectively
(Tabje!2). The decrease of the mean level of GPT activity was highly
signficant (p<0.002 and p<0.001) for the low and intermediate iron doses
recpectively .1t reached 58.5% and 71.7% of the value of the control

respectively.

Furthermore , the mean level of acid phosphatase activity of
the brain of the control fish group was 0.69510.06 kind and king Units/g
tissue, while that of fishes raised in the low dose of iron was 0.209£0.01
kind and king Units/g tissue and that of the fish exposed to the
intermediate dose was 0.054 0.01 kind and king Units/g tissue. It is
evident that the decrease of the mean level of acid phosphatase activity
was highly significant (P<0.002),(P<0.001) in both treated groups. This

- 12 -
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decrease reached about 69.9% in case of fish exposed to the low dose and
about 92.2% in case of fish exposed to intermediate dose.

The mean level of alkaline phosphatase activity of the brain of
the control fish was 1.587 0.10 kind and king Units/ g tissue, while that
of fishes exposed to the low and intermediate doses of iron was 0.614%
0.06 and 0.354+0.05 kind and king Units/ g tissue respectively. Statistical
analysis revealed that the decrease of the mean level of alkaline
phosphatase activity was highly significant (P<0.002) and (P<0.001) for
the low and intermediate doses respectively . This decrease was about
61.3% in the case of the low dose exposed fish and about 77.6% in case
of the intermediate dose exposed ones. |

It can be seen from the previously cited-data that there was a
decrease in the mean level of activity of all of above mentioned enzyme
activities of the brain of fishes subjected to the two doses of iron (as
ferric chloride). This decrease was more deeper with increased dose of

iron. Howevel fish subjected to the third dose (high dose) died within
few houra of treatment with that metal salt level.
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Table (12): Mean and range values of glutamate

tamate pyruvate transaminase (GPT) (IU/g tissue/min) acid (AP) and alkaline

(AIP) phosphatases
Qreochromis

ferric chloride)

hromis niloticus a

(Kind

and King

Units/g tissue) activities of the brain of
fter exposure to three concentration levels of iron (as
for 7 days (7 animals were used per test).

oxaloacetate transaminase (GOT), glu-.

GOT GPT AP AlP
Control
Mean £ S.E. 2,540 £0.10 |0.985+0.05 | 0.695+0.06 | 1.587 % 0.1
Range 2.150—2.828 [0.526—0.930 |0.526—0.930 | 1.313—1.935
Low dose
Mean t S.E. 0.713 £ 0.07 | 0.408+0.05 | 0.209 £0.01 | 0.614 £ 0.06
Range 0.487—0.961 |0.263—0.625 }0.168—0.265 | 0.392—0.865
Significance P < 0,001 P<0.002 P<0.002 P<0.002
% of change -71.9% -58.5% -699 % -61.3%
Inteymediate dose
Megn  S.E. 0.645 £ 0.07 10278 £0.03 ] 0.054£0.01 | 0.354 £0.05
Range 0.427—0.900 ]0.178—0.404 |0.018—0.081 | 0.178—0.598
Signjiﬁcance P < 0.001 P < 0.001 P < 0.001 P < 0.001
% of change -74.6 % - 717 % -92.2 % - 71.6%
High dose
Mean £ S.E.
Range All fish expired JAll fish expired | All fish expired All fish expired
Significance
% of change

>
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2- Effect of Manganese :

The data presented in table (13) depict the mean activity of
each of glutamate oxaloacetate transaminase (GOT), glutamate pyruvate
‘transaminase (GPT) as (IU/ g fresh tissue / min) and acid and alkaline
phosphatases (kind and king units/g fresh tissue) enzymes of the brain
~ extracts of Oreochromis piloticus = after exposing the fish groups to
three levels of manganese (11.8, 23.6 and 35.4 mg MnCL/l) as

manganese chloride for 7 days as compared to that of the control group.

It is evident from the table that GOT activity of thé brain
showed a steady decrease. The mean value of the control group was
2.540£0.10 1U/ g tissue/ min , wehreas that for those fish raised in low
manganese level was 0.685:0.04 IU/ g tissue/min. That of fish subjected
to the intermediate dose was 0.557+0.04 1U/g tissue/min and that of those
expased to the high dose was 0.468+0.01 IU/g tissue/min. Statistical
analysis showed that the difference in the mean level of the control and
each of the metal exposed group of fish to be highly significant (p<
0.001). Thus the mean level of GOT activity was decreased by about
73%, 78% and 81.5% in case of fish groups subjected to the low ,
in.lcrl_nedialc and high doses of manganese respectively as compared with

fhat of the control group.

With regards to the mean level of GPT activity of the brain of
O.niloticus it was 0.98510.0.05, 0.400+0.03, 0.245+0.02 and 0.145%
0.02 1U/g tissue/ min of the control group and those fishes exposed to the

low, intermediate and high levels of manganese. The data declared
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marked decreases of the mean GPT activity which were highly signifcant
(P<0.001) for all of the three doses used as compared with that of the
control group. The decrease of the mean level of GPT activity reached
"about 59% . 75% and 85% for the low, intermediate and high doses of
manganese treated fish groups, respectively.

The mean activity of acid phosphatase of the brain of the
control fish was 0.695+ 0.06 king and king Units/ g tissue while that
recorded after one week of subjecting the fish to the low, intermediate
and high doses of manganese (48 manganous chloride)was 0.512+ 0.02,
0.1192+0.003, and 0.072+0.007 kind and king Units /g tissue respectively.
Statistically these results declare that there was a decrease of the mean
level of acid phosphatase activity. This difference was significant (P<
0.05) in case of the low dose treated fish and highly significant (P>0.001)
in case of the two higher doses treated fish groups. The decrease of the
enzyme activity reached about 26% , 82.8% and 89.6% of the mean
contpel value for the low, intermediate and high manganese treated fish
groups respectively.

Table (13) reveals that the mean level of alkaline phosphatase
of the brain of the control fish group was 1.587%0.10 kind and king
Units/g tissue. It was 1.386 £0.05, 1.107+0.02 and 0.646%0.07 kind and
king Units/g tissue for those fishes subjected to the low, intermediate and
high doses of manganese respectively . Statistical analysis showed that the
difference found due to the low manganese dose was not significant.

However, a significant (P<0.01) and a highly significant (P<0.002)
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decreases were evident after subjection the fish to the intermediate and
high doses of manganese respectively. The decrease of brain alkaline
phosphatase activity was 12.6%, 30% and 59% of the mean control value
“for the low, intermediate and high manganese treated fishes respectively.

As it can be seen from the previously recorded observations
there was a decrease of the mean level of activity of GOT, GPT and acid
and alkaline phosphatases activities of the brain of fishes subjected to the
three doses of manganese as manganous chloride. These decreases of the
different enzyme activities were dose dependent. It is clear also that
manganese effects were slightly lesser than the other metals tested on one
hand and this effect was least on brain alkaline phosphatase on the other
hand,
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O.niloticus similarly was decreased due to fish subjection to all of zinc
doses used. The mean activity of the control fish of brain acid
phosphatase was 0.695%0.06 kind and king Units/g tissue. That of fish
“subjected to the low, intermediate and high doses of zinc was 0.499%
0.008. 0.254+0.01 and 0.159+0.007 kind and king Units/g tissue
respectively. The decrease of the mean enzyme activily due to the low
and intermediate doses was significant (p<0.05, p<0.002), yet it was
highly significant (P<0.001) in case of the high dose of zinc treatment.
This represented 28%, 63.4% and 77% decreases of brain acid
phosphatase activity for the three doses respectively.

On the other hand, the mean alkaline phosphatase activity of the
brain of fishes treated with the three doses was markedly decreased. The
mean level of the enzyme activity of the contro! fish was 1.587x0.10
kind and king Units/g tissue, while at the low, dose of zinc it was 0.587+
0.05 kind and king Units/g tissue recording about 63% decrease from the
mean control value. The mean enzyme activity of the brain of fish
(reatad with the intermediate dose was 0.44610.08 kind and king Units/g
tissue with a decrease of 71.8%, while it was 0.293+0.04 kind and king
Units/g tissue in case of fish treated with the high dose recording a
decrease of 81.5%. Statistically all of these decreases were highly
significant (p<0.001). '

As it can be stated from the previous observations that there was a
general decrease of the mean level of activity of the four enzymes tested

due to treatment with zinc. However, the decreased fish brain GOT and
alkaline phosphatase activities were more prominent and highly sounding
especially on using the low dose of zinc than in the other two enzymes
(Tablel14).
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Table (14): Mean and range values of gl
tamate pyruvate transaminase
(AlP) phosphatases (Kind and
Oreochromis piloticus after exposure to

zinc sulphate) for 7 days (7 animals were used per test).

utamate oxaloacetate transminase (GOT), glu-
(GPT) (1U/g tissue/min) acid (AP) and alkaline
King Units/g tissue) activities of the brain of
three concentration levels of zinc (as

GOT GPT AP AP )
Control
Mean £ S.E. 2.540 £ 0.10 0.985 £0.05 | 0.692 £0.06 1,587 £ 0.10
Range 2. 150-— 2.828 10.808 — 1.162]0.526 — 0.930 1,157 — 1.935
Low dose
Mean £ S.E. 1,290 40 .05 | 0.781£0.03 ]0.499 £ 0.008 0.587 £ 0.05
Range 1150 — 1.454 %).673 — 0.88210.471 — 0,539 [0.394 — 0.700
Significance P < (.00OI P<0.05 P<0.05 P<0.001
% of change - 49% -20.7 % -28 % -63 %
Inteymediate dose
Megn + S.E. 0764+ 0.04 |0.325+0.01 |0.254 £0.01 | 0.446 £ 0.08
Range ).614 — 0.892 %0.303 — 0.421 %).216 — 0.305 j0.202 — 0.736
Sigliiﬁcallce P < 0.001 P < 0.001 P < 0.002 P < 0.001
% of change - 69.9% -67% -63.4 % -71.8%
High dose ,
Mean £ S.E. 0.491 + 0.003 0256 £ 0,02 |0.159 £ 0.007 | 0.293 £ 0.04
Range 0.485 - 0.500 10.217-0.329 1 0.131 -0.187 | 0.217 - 0.444
Significance P < 0.001 P < 0.001 P < 0.001 P < 0.001
% of change - 80.6% -14 % -717 % -81.5 %

>
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0.06 kind and king Units/g tissue respectively. Statistical analysis showed
that the difference between the mean level of alkaline phosphatase
activity of the control and copper sulphate treated fish was highly
‘significant (Table 15).This decrease in the mean level of alkaline
phosphatase activity reached about 25%, 48% and 63.5% in the case of
low, intermediate and high doses treated groups respectively which
declare that the inhibition of alkaline phosphatase induced by copper was
dose dependent.

As it can be seen from the previously cited data the mean level
of activities of all of the above mentioned enzymes (GOT, GPT, acid and
alkaline phosphatases) of the brain of Oreochromis njloticus were

inhibited markedly due to copper sulphate treatment.
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Table (15): Mean and range values of glutamate oxaloacetate transaminase (GOT), glu-
tamate pyruvate transaminase (GPT) (IU/g tissue/min), acid (AP) and alkaline
(AIP) phosphatases (kind and king Units/g tissue) activities of the brain of
Oreochromis piloticus after exposure to three concentration levels of copper
(as copper sulphate) for 7 days (7 animals were used per test).

¢ N

GOT GPT AP AlP

Control

Mean £ S.E. 2.540£0.10 §0.985£0.05 | 0.695 £0.06 | 1.587 £0.10

Range 2.150 — 2.828 [0.526 — 0.9300.526 — 0.930 ]1.157 — 1.935

Low dose

Mean £ S.E. 1.551 £0.06 10.707 £0.04 | 0.536+0.05 } 1.184 £ 0.05

Range f1.368 — 1.769 [0.517 — 0,796 J0.366 — 0,736 }1.009 — 1,382

Significance P < 0,002 P<0.02 insignificant P < 0.05

% of change - 38.9% - 28% -22.8% - 25%

Intepmediate dose

Megn + S.E. 0.756 £ 0.06 [0.443 £0.06 10.159 £0.007 | 0.823 + 0.03

Range 0.571 — 0.970 [0.202 — 0.700 [0.126 — 0.181 [0.679 — 0.909

Significance | P<0.001 P < (.01 P < 0.001 P < 0.002

% of change -10% -55% -71% - 48%

High dose

Mean £ S.E. 0.695£0.06 ]0.428 £0.05 ]0.064 £ 0.004 | 0.578 £ 0.06

Range 1,500 — 0.909 0.265 — 0.600 §0.050 — 0.080 0.357 — 0.796

Significance | P<0.001 P < 0.002 P < 0.001 P < 0.00]

% of change | -727% -56.5% -90.7% -63.5%

. ) o
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HAEMATOLOGY

f Ir

The data presented in table (16) depicts the mean values of red

blood cell count (x 106), haemoglobin level (Hb g/100 ml) and
haematocrit value (HC%) of the blood of Qreochromis piloticus after
exposure to iron (as ferric chloride) for 7days as compared with that of
the control fish group. It is clear that the mean RBC count of Q. pjiloticus
subjected to the low and intermediate doses of iron was 4.111£0.03 and
4.40%£0.04 million/cmm respectively compared with 2.50+0.20 million/
cmm in case of the control group. Statistically the increase of RBC was
highly significant (p<0.002 and p<0.001) for both groups and the
perceptage of increase was 64% and 76% for the low and interdediate
iron doses exposed fish respectively (Table 16). Fish exposed to the high
iron dose (515.4 mg/l) were expired after few hours.

The mean blood Hb level of the control fish group was 8.51/+£0.13
g/100 m] while that for those groups of fishes exposed to the low and
intermediate doses of iron was 10.0£0.23 and 10.50+0.20 g/100 ml.
Statistical analysis showed that there was a siginificant (p<0.01) and
highly significant (p<0.002) increase in mean Hb level of the low and
intermediate treated doses fish respectively. The increase reached 17.5%

and 23% respectively.

The mean HC value of Q. niloticus subjected to iron for 7days was
markedly increased, This increase was statistically significant (p<0.01

. 8 -
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and p<0.001) respectively for the low and intermediate dose treated
groups. The percentage of increase reached 19.5% for the low iron dose

and 26% for the intermediate one treated fish.

It is obvious from the table that there was a marked increase of the
mean values of the blood parameters tested (RBC, Hb and HC) after
subjecting the Nile fish; Qreochormis niloticus to the two iron doses (low
and intermediate), The high iron dose was found to be lethal to the fish.
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Table (16): Mean and range va
(Hb /100 ml) and ha
niloticus after esposure to three ¢

chloride) for 7 days (7 animals were used per test).

lues of red blood cell count (x100), haemoglobin level
ematocrit value (HC%) of the blood of Qreochromis
oncentration levels of iron (as ferric

"\
RBC Hb HC

Control
Mean £ S.E. 2.50 £ 0.20 8511013 23.0 £ 0.50
Range 20—320 8.0 — 8.90 210 —25.0
Low dose
Mean £ S.E, 4.11 £0.03 10.0 £0.23 27.50 £ 0.50
Range 40 — 4.20 9.0 — 110 26.0 — 29.0
Sipnilicanee P < 0,002 P < 0.0l P <001
% of change + 64% +175% +19.5 %
Inteymediate dose _
Megn T S.E. 4.40 £ 0.04 10.50 £ 0,20 29.0 £ 0.30
Range 420 — 450 10.0 — 11.0 28.0 — 30.0
Significance P<0.001 P < 0.002 P < 0.001
% of change +76 % +23 % +26 %
High dose
Mean t S.E.
Range All fish expired All fish expired All fish expired
Significance
% of change

L -
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Effect of Manganese: :

The mean and range values of red blood cell count RBC (x 106),
haemoglobin content (Hb g/100 ml) and haematocrit value (HC%) after
subjecting Qreochromis niloticus to three doses of manganese (as
manganous chloride) for 7 days versus the control fish group are
summerized in table (17). It is clear that there was a marked increase of

the three blood parameters (RBC, Hb and HC) tested as a result of

manganese treatment as compared with that of the control fish group.

The red blood cell count of Q. niloticus increased by 24.8%, 26%
and 64% as a result of manganese (low, intermediate and high doses)
treatment (Table 17). This increase was significant for the three

manganese doses respectively.

The mean Hb level of Q. niloticus of the control group was 8.51%
0.13 g/100 ml. This value increaed to 9.530.12, 10.60+0.08 and 11.58%
0.11 /100 ml after treating the fish groups with the low, intermediate
and high manganese doses (as manganous chloride). This increase was
statistically significant (p<0.01) after treatment with the low dose of
manganese and highly significant (p<0.001) after treatment with the
intermediate and high doses respectively. It reached 11.9%, 24.5% and

36% for the low, intermediate and high doses respectively. (Table 17).

The table dipects also that the mean HC value of the control group

and those groups subjected to low, intermedate and high manganese doses
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was 23.0+0.5, 24.30+0.30, 26.60+0.50 and 27.30+£0.60% respectively.
Statistical analysis showed that the increase induced by low manganese
dose was insignificant while it was significant (p<0.01) for the other two
"doses. The percentage of increase reached 5.6%, 15.6% and 18.6% for
the three doses respectively.

It can be noticed that manganese treatment caused an increase of all
the blood parameters (RBC, Hb and HC) of Q. niloticus tested in a doses

dependent manner.




Table (17): Mean and range values of red blood cell count (RBC) (x106}, haemoglobin
level (Hb /100 ml) and haematocrit value (HC%) of Qreschromis niloticus
after exposure to three concentration levels of manganese (as manganous

Results

chioride) for 7 days (7 animals were used per test).

f N
RBC Hb HC
Control
Mean £ S.E. 2.5010.20 8.51 £0.13 23.0 £0.50
Range 2.0 —3.20 8.0 — 8.90 21.0 — 25.0
Low dose _
Mean £ S.E. 3,12 £0.03 9.53£0.12 24,30 £ 0.30
Range 3.0 —322 9.0 — 9.90 23.0 — 25.0
Significance P < 0.005 P< (.01 in significam
% of change + 24.8% +11.9% +56%
Inteymediate dose ,
Megn £ S.E. 3.151£0.08 10.60 £ 0.08 26.60 £ 0.50
Range 3.0 —3.60 10.30 — 10.90 25.0 — 29.0
Significance P < 0.0 P < 0.001 P < 0.0l
% of change +26 % +24.5 % +15.6 %
High dose
Mean * S.E. 4,10 £ 0.04 1158 £0.11 27.30 £ 0.60
Range 4.0 - 430 11.0-11.90 25.0-29.0
Significance P < 0.002 P <0.001 P < 0.0l
% of change +64 % +36 % +18.6 %
D

91



Resulis

ff f Zing:
Treating Qreochromis niloticus with the three levels of zinc (7.9,
15.8, 23.7 mg/l) as zinc sulphate for 7 days yeilded a general decrease of
the mean value of each of red blood cell count, haemoglobin and

haematocrit value.(Table 18)

Zinc treatment caused a progressive decrease of RBC count, This

count was 1.90£0.21, 1.5030.16 and 1.10£0.03 x10° for the low,
intermediate and high doses respectively. The decrease was statistically
insignificant in case of the low dose treated fish, while it was significant
(p<0.02 and p<0.01) for the other two higher doses with a decrease of

40% and 56% for the intermediate and high zinc doses respectively
(Table 18). '

The mean Hb level of the control fish group was 8.51+0.13 g/100
ml while that of those fishes raised in low, intermediate and high doses of
zinc containing water was 5.71%%0.16, 4.30£0.27 and 3.63£0.36 g/100
ml rcspecﬁveiy. Statistical analysis declared that there was a highly
significant (p<0.001) decrease of the mean Hb level as a result of the
threa zinc doses treatment. This decrease was 32%, 49% and 57% due to
treatypent with low, intermediate and high zinc doses respectively.

Zinc administration caused also a significant (p<0.002) decrease of
HC value of the low dose and highly significant ones (P< 0.001) of the
inlcrmcdiailc and high doses respectively. The mean HC value of the
control group was 23.0£0.50, while it was 16.50£0.60, 14.0£0.40 and
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9.50+20 after subjecting the fish to low. intermediate and high zinc doses
respectively. These decreases reached 28%, 39% and 58.6% for the three

doses respectively.

It is evident from the data that the three doses of zinc (as zinc
sulphate) affected each of RBC, Hb and HC markedly causing a
progressive decrease in all of the three blood parameters with increased

zinc level.
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Table (18): Mean and range values of red blood cell count (RBC) (x106), haemoglobin
level (Hb)

(g/100 ml) and haematocrit value (HC%) of the blood of

is niloticus after exposure to three concentration levels of Zine
(as Zinc chloride) for 7 days (7 animals were used per test).

,
RBC Hb HC
Contyol
Mean £ S.E. 2.5010.20 8.5110.13 23.0 £ 0.50
Range 2.0 —2.30 8.0 — 8.90 21.0 — 25.0
Low dose .
Meap * S.E. 1.90 £0.21 5.71x0.16 16.50 £ 0.60
Range 1.10 — 2.40 5.30 —6.50 15.0 — 19.0
Significance in significant P < 0.001 P < 0.002
% of change -24 % -32% -28 %
Intermediate dose
Mean £ S.E. 1,50 £ 0.16 4.30 £0.27 14.0 £ 0.40
Range 1.10 — 2,10 3.0—50 13.0 — 16.0
Significance P <0.02 P < 0.001 P < 0.001
% of change - 40 % -49 % -39 %
High dose
Mean £ S.E. 1.10 £ 0.03 3.63£0.36 9.50 £ 0.20
Range 10 - 1.20 290 -50 9.0-10.0
Significance P < 0.01 P < 0.001 P < 0.001
% of change -56 % -57 % - 58.6 %
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Eff I
Increased erythrocyte count, haemoglobin level and haematocrit
‘value have been noticed in the blood of Oreochromis niloticus as a result
of subjection to copper (as cppper sulphate) at 0.126, 0.252 and 0.378
mg/l levels for 7 days as compared with that of the control fish (Table
19).

Treating Q. piloticys with the three doses of copper yeilded
significant (p<0.05) and (p<0.001) changes in the erythrocyte counts
respectively the increases reached 26%, 26.8% and 28% of the control
value in case of the three copper doses treated fish in the otherorder
mentjoned.

The mean Hb level was 9.18£0.07, 9.8110.07 and 10.33£0.08 g/ 100
ml of blood after subjecting Q. niloticus to the three doses of copper
respectively. This increase was statistically significant (p<0.01) in case of
the first dose and highly significant (p<0.001) in case of the intermediate
and high doses respectively. The percentage of increase was 7.8%, 15%
and 21% respectively.

The average HC value of the control fish group was 23.0+0.50.
This value increased with increasing copper dose to reach 23.8010.50,
24.010.40 and 26.50+0.60 for the low, intermediate and high doses
qreated fish respectively. However, the increase was insignificant in case
of the low and intermediate doses while, it was significant (p<0.01) in
case of the third high dose where it reached 3.4%, 43% and 14%

respectively.
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Table (19): Mean and range values of red blood cell count (RBC) (x109), haemoglobin
level (Hb):(g/100 ml} and haematocrit value (HC%) of Oreochromis
niloticus after subjection to three concentration levels of copper (as copper
sulphate) for 7 days (7 animals were used per test).

RBC Hb HC
M
Conrol
Mean t S.E. 2,50 £ 0.20 851 £0.13 23.0 £0.50
Range 2.0 —3.20 8.0 — 8.90 21.0 —25.0
Low dose
~ Mean £ S.E. 3.15+£0.03 9.18 £ 0.07 23.8 £0.50
" Range 3.0 — 3.30 9.0 — 9.5 22.0 — 26.0
Significance P < 0.05 P < 0.01 in significant
% of change +26 % +7.8% +34 %
Intermediate dose
Mean £ S.E. 3.17 £ 0.02 9.81 £ 0.07 24.0 £0.40
Range 3.10 —3.30 9.50 — 10.0 22.0 —25.0
Signiﬁcance P <0.05 P < 0.001 i significant
% of change +26.8 + 15 % +4.3 %
High dose
Mean £ S.E. 3.20 £ 0.05 10.33 £ 0.08 26.50 £ 0.60
Runge 3.0 - 3.40 10.0 - 10.60 25.0 - 28.0
Significance P < 0.001 P < 0.001 P < 0.0l
% of change +28 % +21 % +14 %
.

96




Resulls

It is clear from table (20) that the calculated mean corpuscular
volume (MCV)of the fish; oreochromis niloticus raised for 7 days in
any of the four single metals (iron, manganes, zinc and copper)
showed a general decrease of MCV at most of the three doses used
for each metal. The intermediate dose of zinc, however, induced a
slight increase of MCV. The four metal treatments resulted in a
general decrease of mean corpuscular haemoglobin (MCH) also.
Howaver, while manganese and copper produced an increase of the
mean corpuscular haemoglobin concentration, (MCH), zinc treatment

resulted in a decrease. lron treatment on the other hand, did not
change MCHC appreciably (Table 20).
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Table (20): Mean corpuscular volume (MCV), mean corpuscular hae-

moglobin (MCH) and mean corpuscular haemoglobin concentration

(MCHC) of Qregchromis niloticus treated with single metal (iron, man-
~ganese, zinc and copper) at the three dose levels for one week period.

f A
MCV MCH MCHC
Hm3 Pe &
———
Control
low dose 66.9 24.33 37.02
Fe d Intermediate dose 65.9 23.86 36.2
High dose
[ | ow dose 77.8 30.5 39.0
Mnd Intermediate dose 84.4 33.65 39.8
| High dose 66.6 28.2 42.4
- Low dose 86.8 30.05 - 34.6
Zn 1 Intermediate dose 933 28.66 30.7
| High dose 86.36 33.0 38.2
[ Low dose 75.5 29.1 38.5
Cu 4 Intermediate dose 75.7 30.9 40.8%
_L High dose 82.8 32.28 38.98
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0.09¢g/100ml respectively. It is clear that the total serum protein of O.

niloticus treated with this dose (intermediate dose) of the mixtures of the
metals was highly significantly increased and this increase reached 27%,
64.5%, 102%, 56%,43% and 49% of the mean control value

respectively.

Furthermore, the high level of the metal mixtures applied to the fish
for ope week period caused a more pronouncing increase of the total
serum protein. The values were 4. 9140.04, 6.06+0.07, 5.90+0.06, 5.76%
0.09 and 5.9810.07g/ 100m! for the mixtures of iron and manganese,
ivon and zinc, manganese and zinc, manganese and copper and zinc and
copper respectively, (the mixture of iron and copper was lethal to the
" fish). Statistical analysis showed that the increase of the mean value of the
total serum protein was highly significant (p<0.001) when compared
with that of the control group. This increase reached 40%, 73%, 68.5%,
62.8% and 70.8% respectively (Table 21).

It is obvious from these data that combination of the four metals
with each other at the three doses used resulted in a marked increase in
the mecm value of the total serum protein of the Nile fish; Qreochromis
uﬂmi&.ux This increase was dose dependent for each metal mixture. The
most affecting one was that of iron and copper, while the least affecting

metal mixture was iron and manganese at the three dose levels.
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Table (21): Mean levels of the total serum protein (g/100ml) of
three concentration levels of mixtures of iron and manganese,

Qreochromis niloticys after exposure to
iron and zinc, iron and copper.

manganese and zinc, manganese and copper and zinc and copper for 7 days (7 animals were

used per test).
Y . )
Control | Fe and Mn | Fe and Zn | Fe and Cu {Mn and Zn |Mn and Cu] Zn and Cu
Low dose
Mean + S.E. 315040, [ 4032005 | 530006 | 6.30£0.05 | 5.03£0.05 | 4.40£0.06 ) 4.55£0.09
Range 3140 | 3842 | 5153 | 6165 | 4852 | 4246 | 4249
Significance P00t | P<0001 | P<0.00I | P<0.001 | P<0.002 | P<0.002
% of change +15% +51% +80% +#437% | +3.7% +30%
Itermediate dose
Mean £ S.E. 4.45¢005 | 5.76£0.06 3 7.1020.07 | 5.462£0.05 | 5.0120.06 | 32309
Range 8246 | 5.5-59 | 68—14 | 5357 | 4853 | 49-53
Significance 002 | peooot | peooor | pcotor § p<ooor | Peo.0ni
% of change +27% +64.5% | +102% +56% +43% +49%
High dose
Mean £ S.E. 4912004 | 6068007 | Alfish ] 5.90£0.06 | 5.76£0.09 | 5.980.07
Range 4851 1 5963 expired 5.1-6.1 | 5.5-6.1 | 5.7-63
Significance P<0.001 P<0.001 P<0.001 P<0.001 P<0.001
% of change +40% +13% +08.5% | +62.8% | +10.8%
—— — J
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Table (22): Mean levels of glutamate oxaloacetate transaminase (GOT) (IU/min/ly activity of the serum
of Qreochromisniloticus after subjection to three concentration levels of mixtures of iron and
manganese, iron and zinc, iron and copper, manganese and zinc, manganese and copper and
zinc and copper for 7 days (7 animals were used per test),

e )
Control | Fe and Mn | Fe and Zn | Fe and Cu |Mn and Zn |Mn and Cu Zn and Cu

Low dose
Mean £ S.E. 77.0£0.7 | 290207 | 28.5£09 | 36.83£07 | 30.3320.5 | 27.6640.5 { 29.6610.3
Range 2402901 260320 | 26.0~33.0 | 35.0—40.0 | 29.0—33.0 } 26.0—30.0 | 29.0~31.0
Significance insignificant { insignificant | P<0.001 | P<0.02 | insignificant | P<0.08
% of change +1.4% +5.5% +36% +12% +2.4% 49.8%
Intermediate dose
Mean £ S.E. 32.1620.4 | 29.8320.5 | 40.1610.7 | 31.50£0.5 | 30.50£0.2 | 32.500.3
Range ‘ 310340 1 28.0-32.0 ] 37.0-41.0 | 30.0~-33.0 | 30.0~31.0 | 31.0=34.0
Significance P<0.01 P<0.05 P<0.001 P<0.01 P<0.01 P<0.002
% of change +19% +10% +48.7 +16.6% +12.9% 0%
High dose . ‘
Mean £ S.E. 13.6620.8 | 3316204 | Allfish | 34.33£0.4 | 3366104 | 34.840.5
Range 30.0-36.0 320350 expied | 33.0-36.0 | 32.0=35.0 | 33.0~37.0
Significance P<.01 P<0.002 P<0.O0L | P<0.002 | P<0.001
% of change C46% | +20.8% +27% +24.6% | +28.8%
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] r in ivi PT

The data presented in table (23) depict the mean activity of GPT
(IU/min/l) enzyme of the serum of Oreochromis niloticus after exposing
‘the figh to the three doses of mixtures of iron and manganese, iron and
zinc, jron and copper, manganese and zinc, manganese and copper and
zinc and copper for 7 days as compared with that of the control group. It
is evident that the GPT activity of the serum of Q. piloticus showed a
steady increase with the increase of the dose mixtures.

The mean value of the control group was 9.0+0.4 IU/min/l whereas
that of those fish groups raised in low dose mixtures was 10.16£0.2,
10.50+0.3, 14.20+0.1, 13.800.1, 14.80£0.2 and 12.50+0.2 [U/min/l
respectively. Statistical analysis showed that the increase of the mean
serum GPT activity was significant for all of the forementioned
mixtures as compared with that of the control group. Such increases
were marked in case of manganese and copper (64%), iron and copper
(57.7%) and manganese and zinc (53%) treated fish groups,moderate in
case of zinc and copper (38.8%) treated group and slight in case of iron
and zinc (16.6%) and iron and manganese (12.8%) treated groups
respectively. '

The mean GPT activity of the serum of Q. niloticus exposed to the
intermediate dose of the previously cited metal mixtures was 10.3310.1,
12.0+0.3, 15.50+£0.2, 17.0£0.3 17.60%0.8 and 13.60£0.1 1U/min/!
respectively. It is clear that the data declare a pronouncing increase of

the mean serum GPT activity which was highly significant (p<0.001) for
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most of the metal mixtures used as compared with that of the control
group. The increase reached 14.7%, 33%, 72%, 88.8% 95.5% and 51%

for the abovementioned metal mixtures treated groups respectively.

The high dose of the metal mixtures; iron and manganese, iron and
zinc, jron and copper, manganese and zinc, manganese and copper and
zinc and copper also resulted in marked increases of mean serum GPT
activity. The mean values were 12.1630.2, 13.50£0.2, 18.5010.2, 18.0+
0.4 and 15.6020.4 1U/min/l compared with 9.0£0.4 IU/min/l for the
control group. The increases of serum GPT mean activity were highly

significant (p<0.001) and reached 35%, 50%, 105%, 100% and 73% of
the mean control value respectively. |

As it can be seen from the previously recorded observations that
serum GPT activity was much affected by the combined metal treatment
~ than serum GOT which might be an indication of liver function
disturbances. It is clear also that iron and copper high dose mixture was
lethal on the fish. However, least effect of combined metal treatment was
noticed in case of iron and manganese treated fish groups. The marked
effects were recorded in case of manganese and zinc and manganese and

copper treated groups respectively.
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Table (23): Mean levels of glutamate pyruvate transaminase (GPT) (1U/min/1) activity of the serum of
: is niloticus after exposure to three concentration Jevels of mixtures of iron and

manganese, iron and zinc, iron and copper, manganeseand zinc, manganese and copper and
zine and copper for 7 daysaz~ and day (7 animals were used per test).
T y
Control | Fe and Mn | Fe and Zn | Fe and Cu |Mn and Za [Mn and Cu] Zn and Cu
Low dose
Mean ¢ S.E. 00404 | 10.16£0.2 | 10.50£0.3 | 14.2040.1 | 13.8020.1 § 14.80£0.2 12.50£0.2
Range 70100 | 9.0~11.0 § 9.0—12.0 § 140150 | 13.0--140 | 14.0-16.0 12.0—13.0
Significance P<0.05 P<0.05 P<0.001. | P<0.001 | P<0.00! | P<0.002
% of ghange 28 | +166% | +577% | 3% | +64% ) 4383
intermiediate dose
Mean £ S.E. 1033201 | 120203 | 1550102 | 17.0£0.3 | 17.6020.8 | 13.6020.1
Range 10.0—11.0 ] 11.0—13.0 ] 15.0—16.0 | 160—18.0 } 150200 | 13.0—140
Significance P<0.05 P<0.01 P<0.00t | P<0.00I | P<0.001 | P<0.00t
% of change +14.7% +33% +12% +83.8% +95.5% +51%
High dose _
Mean t S.E. 1216102 | 13.50202 |  All fih 18.50£0.2 | 18.0204 | 13.6£04
Range 11,0—13.0 | 13.0—140] ewpird | 18.0—19.0 | 16.0-—-19.0 14.0—170
Significance P<0.002 | P<0.001 P<0001 | P<0.001 P<0.001
% of change +35% +350% +105% +100% +13%
\ )
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Table (24) summerizes the data of serum AP activity (kind and King
Units/!) of the serum of Qreochromis niloticus subjected to three doses of
‘mixtures of iron and manganese, iron and zinc, iron and copper,
manganese and zinc, manganese and copper and zinc and copper for one
week. It is clear that the mean AP activity of the serum of O. niloticus
was increased as the dose of the combined metals was increased.

The mean serum AP activity of the control fish was 2.80+0.07 kind
and king Units/l. This value was increased to 3.20+0.07, 3.40x0.11,
4.4010.07, 3.50£0.09, 3.3040.05 and 3.50£0.15 Kind and king Units/
after subjecting the fish groups to the low dose Qf paired metals cited
above respectively. The data demonstrate that the enzyme activity was
increased significantly for all of the paired metal treated groups with this
dose level. With exception of iron and copper mixture treated group of
fish which showed marked increase; (57%). The increase of serum AP
activity was of a moderate level (14%, 21%25%,17.8% and 25%)
respactively.

The fish groups treated with the intermediate combined metals (iron
and manganese, iron and zinc, iron and copper, manganese and zinc,
manganese and copper and zinc and copper) showed more increases of
the serum enzyme activity. The mean value of the enzyme activity was
3.50+0.15, 3.50+0.03, 5.5040.11, 3.70£0.05, 3.60+0.12 and 4.30+0.05
kind and king Units/l for the control fish group and the above mentioned
groups respectively. Statistically this increase was generally highly
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Table (24): Mean levels of acid phosphatase (AP) activity (kind and king Units/1) of
Qghmmm hree concentration levels of mixtures of iron

nﬂmm aftcr gxpasure to t
nese, iron and zinc, iron and copper, manganese an

and copper for 7 days (7 animals were used per test).

the serum of Org-
and manga-
d zinc, manganese and copper and zinc

N
Control | Fe and Mn lFe and an Fe and Cu [Mn and Zn |Mn and Cu} Zn and Cu

Low dose
Mean £ S.E. 802007 | 3200007 | 3.420.01 | 4408007 | 3.5£0.09 | 3.30x0.05 3.5050.15
Range 150-30 b 2933 | 3.0-39 | 41—46 | 2240 | 3235 3039
Significance P<0.02 P<0.01 P<0.001 P<0.01 P<0.01 P<0.02
% of change +14% +21% +51% +25% +17.8% +25%
Intermediate dose
Mean £ S.E. 3504015 | 3.50£0.03 | 5.540.01 | 3.70£0.05 | 3.60£0.12 | 43005
Range 3040 1 3537 | 5059 | 3.6—4.0 | 3.0-39 | 4245
Significance P<0.02 P<0.001 | P<0.001 | P<0.001 P<0.01 P<0.001
% of change +25% +25% +96% +32% +28.5% | +3.5%
High dose
Mean £ S.E. 4102003 | 4002007 | At fsh | 4.2020.06 | 3.80+0.01 | 4.80+0.03
Range 4043 | 3944 | expired 4.0—4.4 | 3738 | 47149
Significance P<0.001 | P<0.001 P<0.00t | P<0.001 | P<0.001
% of change +46% +42.8% +50% +35.7% +71%

e »
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Ikalin ivi ]

The mean level of serum AIP (kind and king Units/l) activity of the
Nile fish; Qreochromis niloticus after exposure to three dose mixtures of
iron and manganese, iron and zing, iron and copper, manganse and zinc,
manganese and copper and zinc¢ and copper for 7 days is shown in table
(25). It is clear from the table that the mean serum AIP activity of the
control fish was 21.0£0.4 kind and king Units/l; while that of the fish
groups exposed to the low dose of the paired metals was 23.80£0.3,
31.3020.7, 32.60+0.5, 29.50+0.5, 29.00£0.4 and 24.60%0.5 kind and
king Units/] respectively. The data revealed an increase of AlP activity
which was statistically significant for all metal mixture treated groups.
The increase reached 13%, 49%, 55%, 40%, 38% and 17% respectively.

Treating the fish with the intermediate metal mixture doses resulted
in a more increase of the serum enzyme activity. The mean activity
reached to 27.20+0.6, 32.20+0.3, 35.20+0.6, 31.8+0.2, 32.0+0.4 and
30.20£0.3 kind and king Units/l for the abovementioned combined metal
treated groups respectively. Statistically these increases were highly
significant (p<0.001). They reached 29.5%, 53%, 67%. 51%, 52% and
43.8% respectively. |

It is obvious that there was a pronouncing increase of the mean level
of serum AIP activity of the high dose paired metals; iron and mangaese,
iron and zinc, manganese and zinc, manganese and copper and zinc and
copper treated groups when compared with the meén level of the control
fish. The mean levels were 30.60+0.5, 33.30+0.7, 34.50%0.3, 34.80+0.4
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and 32.2020.3 kind and king Units/l respectively as compared with 21.0+
0.4 kind and king Units/l tor the control group. The increases were
statistically highly significant (p<0.00!1) and reached 45.7%, 58.5%,
64%. 65.7% and 53% of that of the mean control fish group

respectively.

It is obvious that there was an increase in the mean level of serum
AIP activity of all of the fish groups treated with any of the
obovementioned metal mixture doses. The intermediate iron and copper
dose produced the highest serum enzyme activity (at the high iron and
copper mixture dose fishes were cxpired within few hours from the
starting of the experiment). Iron and manganese metal mixture resulted
in the least effect at the three doses used.
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Table (25): Mean levels of alkaline phosphatase (AIP) activity (kind and king Units/1) of the serum of

Qreochromis niloticys after exposure to |

manganese, iron and zinc, iron and copper,
zine and copper for 7 days (7 animals were used per test).

hree concentration levels of mixtures of iron and

manganese and zinc, manganese and copper and

4 A
Control | Fe and Mn | Fe and Zn | Fe and Cu {Mn and Zn |Mn and Cu} Zn and Cu
Low ¢lose .
Mean £ S.E. 00104 | 2380203 | 3130+0.7 | 3260405 | 29.5040.5 | 29.0£0.4 24.60£0.5
Range 200220 | 220240 | 290310 | 31.0=350 | 28.0-31.0 §28.0-30.0 | 23.0—-26.0
Significance P<0.01 P<0.00! | P<O001 | P<0001 | P<0.001 P<0.0l
% of ¢hange +13% +H4% +55% +0% +38% +H7%
Intermediate dose
Mean £ S.E. 2720406 | 3220403 | 35.2£0.6 | 3180102 | 32.0£04 | 30.20%03
| Runge 1.0=290 | 31.0=33.0 ] 33.0~38.0 F31.0-33.0 | 30.0-33.0 | 29.0-31.0
Significance p<0.00t | P<000l | P<0.00L | P<00OL | P<0.00I | P<0.001
% of change +29.5% +53% +67% +51% +32% +43.8%
High dose ,
Mean £ S.E. 3060405 | 3330207 | AMfish | 3450303 | 34.8040.4 | 32.20H03
Range 290310 1 310350  expired 34.0-36.0 | 33.0-36.0 | 31.0-330
Significance p<0il | P<0001 P<O.001 | P<O.001 | P<0.00]
L % of chinge +#45.1% | +38.5% +64% +65.7% +53%
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Lffect of combined metals on total liver protein;

The results given in table (26) indicate that the mean value of the
total liver protein increased as the concentration level of the paired
metals increased. The average value of the control group was 0.018+
0.003 g/g liver tissue. This value increased to 0.022+0.0008, 0.029+
0.001. 0.033£0.001, 0.031£0.0007, 0.02710.0008, 0.028+0.001 g/g liver
as a result of subjeting the fish to the low concentration levels of
mixtures of iron and manganese, iron and zinc, iron and copper,
manganese and zinc, manganese and copper and zinc and copper
respectively. Statistically the increase was significant except for iron and
manganese mixture group. The percentage reached 22%, 61%, 83%,
72%. 50% and 55.5% for the previously mentioned mixtures of metals

treated fish respectively.

The intermediate dose of the paired metals also signifiantly
increased the average value of the total liver protein (Table 26). The
increases were 55.5%. 77.7%, 111%, 100%, 100% and 94% due to
subjecting the fish groups to iron and manganese, iron and zine, iron and
copper, manganese and zine, manganese and c0ppér and zinc and copper

mixtures respectively.

Similarly total liver protein of fish groups treated with the same
metal mixtures but at a high dose markedly increased after 7days of
treatment. The increase amounted to 100%, 88.8%, 122%, 138% and
1339% for the forementioned mixtures respectively. It is worthy to

mention that these increases were statistically signifiant for all of the
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above mentioned mixtures of metals. However, the high mixture dose of
iron and copper was a lethal to the fish and they died within few hours

from the starting of the experiment.

It is obvious that combination of the four metals had affected
markedly the average value of the total liver protein. The increase was
deeper with increased doses of the paired metals. The high iron and

copper mixture dose was a lethal one.
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Table (26): Mean levels of the total liver protein (/g tissue) of Qreochroimis niloticus after subjection to
three levels of mixtures of iron and manganese, iron and zine, iron and copper, manganese
and zinc, manganese and copper and zinc and copper (as salts) for 7 days (7 animals were

used per test).
Control | Fe and Mn ] Fe and Zn | Fe and Cu [Mn and Zn [Mn and Cu| Zn and Cu

Low dose

Mean £ S.E. 0.018:0.003§0.022:£0.00080.029::0.001 |0.033:£0.001 P.031:0.0007p.027::0.0008 0.0280.001

Range ),011-0.0310.020-0.025§0.027—0.0330.029—0.038.028—0.034].025—0.030 ).022—-0.036#

Significance insignificant | P<0.03 P<0.01 P<0.02 P<0.05 P<0.03

% of change +21% +61% +83% +12% +30% +35.5%

Intermediate dose

Meun £ S.C. #l.l}lﬁi().(l()()h 0.03240,009 §0.038£0,001 10.0362£0.003 }0.03620.008 3 0035200

Range 0.025—0.030{0.030—0.36 .032—0.042D.022—0.051.034—0.039].028—0.041

Significance P<0.05 P<0.02 | P<0.I P<0.02 P<0.01 P<0.01

% of ¢hange +35.5% +7.7% | +11% +10% +100% +94%

High dose

Mean £ S.E. 0.03620.00110.03420.001]  All fish i0.04l}i0.()()4r0.043i:0.w8 0.04240.001

Range 032—0.04100.027—0.041]  expied  P.027--0.053]1.041—0.046].036—0.046F

Significance P<0.01 P<{L01 P<0.01 § P<0002 | P<0.002

% of ghange H00% | +88.8% 126 | +138% | +13%
\ - : v
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f f mbi Is on Liver Enzyme Activi
Glutamate oxaloacetate transaminase (GOT) activity:
The data of the liver GOT activity of the control group and after
‘subjecting the fish to three concentration levels (low, intermediate and
high doses) of paired metals are shown in table (27). It is obvious that the
mean level of GOT activity of the control group was 2.613+£0.07 IU/g
tissue/min. This value decreased to reach 1.236%0.05, 1.282+0.06,
0.570+0.05, 1.345£0.07, 1.24010.06, 1.310£0.04 1U/g tissue/min after
treating the fish groups to the low dose of the mixtures of iron and
manganese, iron and zinc, iron and copper, manganese and zinc,
manganese and copper and zinc and copper respectively. This decrease
was statistically significant (P<0.001) for all of the above mentioned
paired metals fish treated groups. It amounted to 52.6%, 50.9%, 78%,
48.5%. 52.5% and 49.8% of the mean control level respectively.

Applying the intermediate dose of the paired metals to Q. niloticus
resulfed in a more deeper decrease of liver GOT activity (Table 27). The
decrgase was statistically significant where it reached 77%, 61%, 83%,
70.9%, 69.5% and 80.5% of the mean value of the control group
respectively.

With the exception of fish group treated with iron and copper
mixture, high concentration level of the combined metals treatment
resulted also ina more decrease of the mean liver GOT activity. The
mean value reached 0.298+0.01, 0.794+0.02, 0590+0.02, 0.626%0.02 and
- 0.37420.05 respectively. The data revealed that the derease of the mean

- 17T -



Resnlty

liver GOT activity was statistically highly significant (P< 0.001) for all
of the above mentioned paired metals treated fish groups as compared
with that of the control group. The percentage of decrease reached
88.5%. 69.5%, 77%, 76%. and 85.7% respectively. It is clear that the
high dose of iron and copper mixture was lethal to the fish. Fish exposed
to that mixture dose died within few hours of subjection to that metal salt

dose.

It is evident from table (27) that there was a gradual decrease of the
mean level of liver GOT activity as a result of increasing the dose of the
mixture of the metals. The results reflect the increased serum GOT
activity due to paired metal application. lron and copper high dose
mixtyre was a lethal dose to the fish.
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Table (27): Mean values of glutamate oxaloacetate transaminase (GOT) (IU/g tissue/min) activity of the
liver of Qreeglrontis atloticus after exposure to three levels of mixtures of iron and manga

nese. iron and zinc, iron and copper, manganese and zinc, manganese and copper and zinc
andd copper for 7 days (7 animals were used per test),

Control | Fe and Mn | Fe and Zn | Fe and Cu |Mn and Zn [Ma and Cu| Zn and Cl?

Low dose
Mean £ S.E. 2.61330.07 ] 1.236+0.05 | 1.28240.06 | 0.570+0.05 | 1.345+0.07 | 1.2400.06 | 1.310£0.04
Range . 459—2.98%41.020—1.407F1.066—1.50080.341—0.751 112915908 0301441 1.194—1.308
Significance P<.O01 | P<O.001 | P<O.001 | P<O0OI | P<0.001 | P<0.001
% of change -526% | -30.9% -18% -48.5% -525% 49.8%
Intermeciate dose
Mean £ S.E. 0.58920.02 | 1.00720.03 § 0.442£0.03 | 0.76020.02 | 0.7960.02 | 0.509£0.02
Range 0.497—0.656)0.917—1.15(00.322~0590 P.695—0.857D.723—0,934).452—0.593
Significance P<0.00i | P<0.001 | P<O0GI | P<0.0OF | P<00O0T | P<OLOM
% of ¢hange 1% -61% -83% 09% -69.5% -80.5%
Higly dose
Meun £ SE. 0298001 | 079420020 All fish | 0.590£0.02 | 0.626£0.02 | 0.374£0.05
Range .246—0.351J0.737—091]  expied  P.529—0.686]).553—0.686].219—0.388
Significance P<0.001 § P<0.00 P<0.001 | P<0.001 } P<0.001
% of ¢hange -88.5% -09.9% 1% -16% 1%

- y

119



Resulis

Glutamate Pyruvate transaminase (GPT) activity:

The data presented in table (28) show the mean level of liver GPT
activity (IU/g tissue/min) after subjecting Qreochromis niloticus to three
" concentration levels of mixtures of iron and manganese, iron and zinc,
iron and copper, manganese and zinc, manganese' and copper and zine
and copper (as salts). The main effect of combined metal application on
liver GPT activity was a gradual and dose dependent inhibition.

The mean level of liver GPT activity of the control fish was 0.653%
0.04 1U/g tissue/min whereas that for fishes raised in the low dose of the
mixtures of iron and manganese, iron and zinc, iron and copper,
manganese and zinc, manganese and copper and zinc and copper were
0.510+0.02, 0.391£0.02, 0.348+0.06, 0.532+0.01, 0.50210.02 and
0.413+0.02 1U/g tissue/min respectively. Statistically the decrease of
GPT mean activity was significant for all of low dose paired metal
treated fish groups. The decrease reached 21.8%, 40%, 46.7%, 18.5%,
239% and 36.7% of the value recorded for the control group respectively.

The inhibition of liver GPT activity was progressively noticed as a
resul of treatment with the intermediate dose of the paired mixtures of
metals (Table 28). The mean activity of the enzyme was 0.63310.04 1U/g
tissue/min in case of the control group which decreased to 0.46710.01.
0.281+0.01, 0.222+0.02, 0.3100.01, 0.1592£0.008 and 0.385£0.01 1U/g
tissue/min after exposing the fish to iron and manganese, iron and zinc,
iron and copper, manganese and zinc, manganese and copper and zinc

and copper mixtures respectively. This decrease of mean liver GPT
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activity was statistically highly significant (P<0.001) for all of the above
mentioned mixtures. The data depict a decrease of 28%, 56.9%, 66%,

52.5%. 75.6% and 41% of the control group respectively.

Liver mean GPT activity was pronouncly decreased after subjecting
0. niloticus groups to the high dose of the mixtures of the metals. Thus
the activity decreased to reach 0.140+0.006, 0.1520.008, 0.181£0.01,
0.149+0.008 and 0.156+0.009 IU/g tissue/min after rearing the fish
groups in water containing iron and manganese, iron and zinc,
manganese and zinc, manganese and copper and zinc and copper high
dose mixtures respectively. This decrease was statistically highly
significant (P<0.001) for all of the above mentioned pairs of metals. It
amounted to 78.5%. 76.7%. 72%, 77% and 76% of the value recorded
for the control respectively. Fish subjected to the high dose of iron and

copper mixture died within few hours.

It can be seen from the previously cited data that there was a more
deeper decrease in the mean liver GPT activity with increased dose of

the paired metals.
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activity. The mean value of the enzyme of the control group was 0.452+
0.007 kind and king units/g tissue while that of the abovementioned
mixtures was 0.159+0.01, 0.146£0.01, 0.152+0.004, 0.141+0.008 and
0.054+0.008 kind and king units/g tissue respectively. The decreases
were statistically highly significant (P<0.001) with percentage of 67.6%,
04.8%, 66%, 68.8% and 88% of the control value respectively.

It is clear that applying the mixtures of the four metals at different
concentration levels for one week period resulted in a marked decrease
of mean liver AP activity and this decrease was more pronouncing when
zinc and copper mixture was used at any of the doses recorded. Also the
intermediate dose of iron and copper showed the same inhibitory effect
of zinc and copper mixture on liver AP activity.
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Table (29): Mean values of acid phosphatase (AP) (kind and King Units/g tissue) activity of the liver of
Orcochromis niloticus after exposure to three levels of mixtures of iron and manganese, iron
and zinc, iron and copper, manganese and zinc, manganese and copper and zinc and copper
for 7 days (7 animals were used per test).

Control | Fe and Mn | Fe and Zn ] Fe and Cu |Mn and Zn [Mn and Cu| Zn and Cu

Low dose
Mean + S.E. 0.45240.007F 0.379+0.005§0.270+:0.008 ] 0.218+0.01 J0.335£0.0050.310+0.007 } 0.172+0.005
Range 1.429—0.42340.355—0.398)0.228—0.291§0.179--0.239].322—0.361.218—0.393D.156—0.195
Significance P<D.OO2 | P<OO01 | P<O.OOI | P<O0OI P<0.01 P<0.001
% of change -16% -40% S1.7% -25.8% -31% -61.9%
Intermediate dose
Mean £ S.E. 0.27840.02 § 0.23220.01 JO.O8120,005 10.2700.002 0.193£0.007 ] 0.08 1 £0.008
Range 0.2030.344 0.l78—().273]0.[)66—0.099 ).257—0.276].161—0.214]).068—0.098
Signiticance P0.002 | P<OO0I | P00 P<0.001 § P<0.001 | P<0.00
% of change O8% | -486% 8% -40% -31% 8%
High dose
Mean £ S.E. .15920.01 1 014620017  All fish  J0.15240.004 [0.14110.008 ] 0.054+0.008
Rangg 0. 118—0.2000.118—0201)  expired  P.132—0.167].116—0.186]).022—0.080]
Signiﬁcmlc‘e P<0.001 | P<0.001 P<0.001 | P<0.001 | P<0.001
% of ghange 64.8% 67.6% -66% 68.8% -B8%

v ' g
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Alkaline phosphatase (AlIP) activity:

The mean level of alkaline phosphatase activity of the liver of
. Oreochromis nijoticys after exposure for one week period to three doses
of mixtures of iron and manganese, iron and zinc, iron and copper,
manganese and zinc, manganese and copper and zinc and copper is shown
in table (30). M is clear that the mean level of the control group was
2.154+0.02 kind and king units/g tissue while that for those fishes
subjeted to the low dose of the forementioned mixtures of metals was
1.77240.04, 1.539£0.07, 0.861+0.02, 1.234+0.08, 1.592+0.06 and
2.359£0.06 kind and king units/g tissue respectively. Statistical analysis
showed that there was a general decrease of the mean liver AP activity
and this decrease was significant for most of the mixtures as compared
with that of the control group. The decreases were 17.7%, 28.5%, 60%,
42.7% and 26% respectively. However, liver AIP activity of the fish
group treated with the low dose of zinc and copper mixture increased
slightly (9.5%) but significantly (P<0.05).

Treating the fish groups with the intermediate dose of metal
mixtures (as salts) for 7days resulted in a deeper decrease of liver AIP
activity. The mean values of the enzyme activity were 1.403+0.05,
1.47310.08, 0.535+0.01, 0.851%0.01, 1.574£0.07 and 1.779+0.08 for the
mixtyres of iron and manganese, iron and zinc, iron and copper,
manganese and zine, mangancse and copper and zine and copper
respectively, The decrease was proved to be statistically significant for
all of the above mentioned mixtures of metals as compared with that of
the control group. The percentage of deerease reached 34.8%, 31.6%.
75%, 60%, 26.9% and 17% respectively.
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Furthermore, the high metal mixture dose showed a more deeper
derease of the enzyme activity (Table 30). Statistical analysis showed that
the derease was generally highly significant and reached 69.9%. 37%,
69.6%., 37.7% and 37.8% for iron and manganese, iron and zinc,
manganese and zinc, manganese and copper and zinc and copper mixtures

treated fish groups respectively.

It is clear from the forementioned data that with exception of zinc
and copper low mixture dose all of paired metals decreased liver AlP
activity and that this decrease was dose dependent. However,the most
marked inhibition of the enzyme activity was found in case of iron and
copper intermediate dose treated fish group. The least affected liver AIP
activity was that of the fish group treated with manganese and copper.
Furthermore, that of fish treated with the low dose of zinc and copper

mixture was slightly but statistically significantly increased.
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Table (30): Mean values of alkaline phosphatase (AIP) (kind and king Units/g tissue) activity of the liv-
er of Qreochromis niloticus after exposure to three levels of mixtures of iron and manganese,
iron and zinc, iron and copper, manganese and zine, manganese and copper and zine and
copper for 7 days (7 animals were used per test).

.
Contrel | Fe and Mn ] Fe and Zn | Fe and Cu |Mn and Zn {Mn and Cu| Zn and Cl]

Low dose
Mean £ S.E. 21542002 | 1.77240.04 § 1.539£0,07 | 0.861£0.02 | 1.23420,08 | 1.592£0.06 §2.359£0.06
Range D 065—2.19781.641—1.93801.300—1.8340.765—0.75 J1.005~-1.551]1.402—1.775p.056—2.537
Significance P<0.002 | P<OODY | P<OOOL | P<0.001 | P<O.00 P<0.05
% of change 11.7% -28.5% 0% -427% -26% +9.5%
Intermediate dose
Mean £ S.E. 14032008 | 1.47320.08 | 0.535£0.01 | 0.85120.01 | 1.57420.07 | 1.77920.08
Range 1.194—1.666 l.100—1.735#).502—0.596J).802~0.893 1.29~-1,888 Jl.428~1.99{)J
Signiticance P<0.00) | P<0002 | P<O00F | P<BOOI ¥ P<0.002 P<0.51
% of change -34.8% 31.6% 5% H0% | -269% 17%
High dose
Mean £ S.E. 0.64740.00 § 1352005 ]  All fish ] 0.65410.02 | 1.34020.03 | 1.338£0.06
Range 0.792—0.9000 005152 expired  P.591—0.702.260-~3 515071 1.555
Signiﬁc;mcc P<0.001 P<0.002 P<0.001 P<0.001 P<0.001
% of ¢hange 9% | 3% 6% | 377% | -3.8%

\. ‘ y
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Results

Effect of paired metals on total blood nrotein _and the blood

seruin enzymes

In this set of experiments fish groups were reared in paired metal

levels including iron and manganese iron and zinc, iron and copper,
manganese and zinc, manganese and copper and zinc and copper at the
same previously mentioned doses (low, intermediate and high doses) for

a one week period after which analysis was carried out.

Applying any of the three doses of paired metal mixtures (iron and
manganese, iron and zinc, iron and copper, manganese and zinc,
manganese and copper and zinc and copper) on the Nile fish;
Oreochromis niloticus for a period of one week resulted in an increase of
total serum protein of the fish (Table 21). The table shows that the mean
blood serum protein value of the control fish group was 3.50+0.10g/
[00m} while that of the forementioned low dose combined metal fish
treated groups was 4.03+0.05,5.30+0.06,6.30£0.05,5.03+0.05,4.40£0.06
and 4.5520.09g/100ml respectively. The increase was statistically highly
signii’icant for all of the abovementioned metal mixture treated groups. It
reached 15%. 51%, 80%, 43.7%, 25.7% and 30% of the mean control

~ value respectively.

Similurly the total serum protein increased markedly after raising
the fish in water containing the intermediate dose of the metal mixtures
for a one week period. The mean total serum protein value increased to
reach 4.4510.05, 5.76+0.06, 7.10£0.07, 5.46+0.05, 5.01£0.06 and 5.23%
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0.09¢/100m] respectively. It is clear that the total serum protein of Q.
niloticus treated with this dose (intermediate dose) of the mixtures of the
metals was highly significantly increased and this increase reached 27%,
64.5%. 102%. 56%.43% and 49% of the mean control value

respectively.

Furthermore, the high level of the metal mixtures applied to the fish
for one week period caused a more pronouncing increase of the total
serum protein. The values were 4.91+0.04, 6.06£0.07, 5.90£0.06. 5.76
0.09 and 5.98£0.07¢/ 100m! for the mixtures of tron and manganese,
iron and zinc, manganese and zinc, manganese and copper and zin¢ and
copper respectively, (the mixture of iron and copper was lethal to the
fish). Statistical analysis showed that the increase of the mean value of the
total serum protein was highly significant (p<0.001) when compared
with that of the control group. This increase reached 40%, 73%, 68.5%.
02.8% and 70.8% respectively (Table 21).

It is obvious from these data that combination of the four metals
with each other at the three doses used resulted in a marked increase in
the ni‘ean value of the total serum protein of the Nile fish; Oreochromis
niloti_-'gus. This increase was dose dependent for each metal mixture. The
mosl:ul'l'ccling one was that of iron and copper, while the least affecting

metal mixture was iron and manganese at the three dose levels.
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Table (31): Mean values of the total brain protein (g8
10 three levels of mixtures of iron and manganes
nese and zinc, manganese and copper and zinc and copper for 7 days

Results

tissue) of Oreochromis piloticus after subjection
¢. iron and zin, iron and copper. manga-
(7 animals were used .

per test).
—
Control | Fe and Mn | Fe and 7n | Fe and Cu JMn and Zn JMn and Cu] Zn and Cu
Low dose
Mean £ S.E. 1,021:£0.0003 0.03240.004]0.036::0.000 .04(}_':0.000#0.0311'0.005 033:40.0008 0.032:+0.004
Range 1.020—0,0230.018—0.050§0.033—0.039%0.039—0.041 ).017—-0.050;.030—0.036#018—0.050r
Significance P<0.05 P<0.001 | P<0.001 insig P<0.001 P<0.05
% of change W% | osma | owa | w6 | 7% | +52%
Tntermediate dose
Mean £ S.E. 03740.0003 0.()3911}.0005H0.045t0.009 |0.039+0.008 ).036i0.0003H 0.040£0.01
Runge F.035—0.03‘1'.(}37—{).04ﬂ 1016~0.86P1.016—0.078]).035—0.037.009—0.092
Signiticance p<b.00l | P<OOD! | P<0.05 insig. P<0.001 nsig.
% of change +16% +35.1% +114% +35.1% +1% +90%
High dose
Mean + S.E. l).l)4lil).(}()'l%().tlal()i().ﬂ(x)f Al s ]0.047:£0.005 P.039:£0.0003 0.052£0.007
Range %).()18—4).072 ].(]38—().044 expied  .032—0.067].038—0.040P.018—0.077
Significance P<0.05 P<O.ODI P<0.01 P<0.001 P<0.02
L% of ¢hange +100% +90% H238% | +85.1% +147%
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Resulty

Glutamate Oxaloactate transaminase (GOT) activity:
The mean and range values of glutamate oxaloacetate transaminase
(GOT) (1U/ g tissue/min) activity of the brain of the Nile fish:

Oreochromis niloticus after treatment with three concentration levels of

mixtures of iron and manganese, iron and zinc, iron and copper,
manganese and zinc, manganese and copper and zinc and copper for one
week are shown in table (32). It is clear from the table that combination
of the metals at different doses resulted in a general decrease of the
enzyme activity of the brain of Q. piloticus.

The mean level of GOT activity of the control group was 2.540%
0.10 1U/g tissue/min. This value decreased to 1.88120.01, 0.945+0.01,
0.857+0.01, 1.12240.02, 2.272+£0.07 and 1.546%0.10 1U/g tissue/min
after treating the fish with the low dose of the metal mixtures pre;/iously
cited for one week. Statistical analysis showed that the decrease of brain
GOT activity was highly significant for all of the above mentioned
mixtyres treated fish except for manganese and copper mixture treated
group which showed insignificant decrease. The percentages of decrease
recorded were 25.9%, 62.7%, 66%, 55.8%, 10.5% and 39%
respectively.

The intermediate dose applied to the fish groups treated with iron
and manganese, iron and zinc, iron and copper, ‘manganese and zinc,
manganese and copper and zinc and copper mixtures showed more
pronouncing decreases of brain GOT activity (Table 32). These decreases
reached 53%, 65.9%, 78%, 771.5%, 47% and 50.6% respectively.
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Glutamate pyravate transaminase (GPT) activity:

Table (33) shows the data of the activity of glutamate pyruvate
transaminase (GPT) (IU/g tissue/min) of the brain of Qreochromis
‘niloticus after exposure to three concentration levels of mixtures of iron
and manganese, iron and zinc, iron and copper, manganese and zinc,
manganese and copper and zinc and copper for 7days as compared with
that of the control fish group. It is evident that the mean level of GPT
activity of the brain of Q. niloticus raised in normal water was 0.985%
0.05 1U/g tissue/min whereas that of those groups treated with the low
dose of mixtures of the previously mentioned groups for 7days was
0.590+0.03. 0.653£0.02, 0.720£0.02, 0.390£0.002, 0.740£0.03 and
0.743+0.03 1U/g tissue/min respectively. Statistically the decrease of the
mean level of brain GPT activity was significant for all the mixtures of
metals. The decrease was 40%, 33%, 26.9%, 60%, 24.8% and 24.5%
respectively.

It is clear also that the mean level of brain GPT activity of the fish
groups exposed to intermediate dose of the mixtures of the metals
showed further decreases. These levels reached 0.440£0.01, 0.44910.02,
0.30820.01, 0.195£0.001, 0.446+0.03 and 0.489£0.03 1U/g tissue/min
for the mixtures of iron and manganese, iron and zing, iron and
copper,manganese and zinc, manganese and copper and zinc and copper
respectively compared with 0.985+0.05 1U/g tissue/min for the contro!
group. The decrease of brain GPT mean level of activity was highly
significant (P<0.001) for all the forementioned mixtures of metals.
These decreases of the mean brain GPT activity reached 55%. 54%,
69%. 80%, 54.7% and 50% respectively.




Results

The data (Table 33) depict also that the high dose metal mixtures
induced a highly significant (P<0.001) decrease of the mean brain GPT
activity. The mean value of the control group was 0.985+0.05 1U/g
‘tissue/min. Those of the treated fish were 0.200+0.01, 0.216+0.001,
0.097x0.0006, 0.184+0.003 and 0.23810.02 IU/g tissue/min for iron and
manganese, iron and zine, manganese and zinc, manganese and copper
and zinc and copper salt mixtures treated groups respectively. These
decreases of the m=an brain GPT activity reached 79.6%, 78%, 90%,
81% and 75.8% respectively.

It can be seen from the previously cited data that there was a dose
dependent decrease of the brain GPT activity of Q. niloticus subjected to
the combined metal mixtures. The marked decreases of brain GPT were
noticed in case of manganese and zinc mixture at the level of the three
doses while least affecting mixture was zinc and copper. However fish
subjected to the high dose of iron and copper mixture died after few

hours of subjection.
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Table (33); Mean values of glutamate pyruvate transaminase (GPT) (IU/g tissue/min) activity of the

brain of Oreochromis niloticus after exposure to three levels of mixtures of iron and manga-

nese. iron and zine, iron and copper, manganese and zinc, manganese and copper and zinc
and copper for 7 days (7 animals were used per test).

[ Y
Control §Fe and Mn ] Fe and Zn | Fe and Cu |Mn and Zn {Mn and Cu| Zn and Cu

Low dose
Meun £ S.E. (.9850,05 | 0.59(:£0.03 } 0.6531:0.02 § 0.720+0.02 §0.3900.002] 0.7400.03 | 0,74310.03
Range ).808—1.1640.47 I-—{}.686k0.571—0.70(i0.6l 9--0.803p.380—0.400].619—0.900).631—0.864
Signiticunce P<iliN] P<0.01 P<0.0 P<0.001 P<(.02 P<r02
% of change )% 33% -26.9% 60% 248% | -45%
Intermediate dose
Mean £ S.E. 0.44020.01 | 0.449£0.02 | 0.30520.01 J0.195£0.001 | 0.44620.03 | 0.4890.03
Range b.400—0.515'0.404—0.52 265—0.366]).194—0.200p.357—0.545]).329—0.471
Significance P<0.001 | P<0.001 | P<0.001 | P<D.O0OF ] P<0.001 | P<0.001
% of change -55% -4% -69% -80% -54.7% -48.9%
High dose
Mean + SE. 0.200£0.01 §0.21620.001] Al fish ).09740.0006{0.184+0.003 | 0.23810.02
Range 0.181—0.2830.210—0.22  expired  [1.095—0.100.173—0.200).183—0.294
Significance P<0.001 | P<0.001 P<0.001 | P<0.001 | P<0.001
% of ghange 19.6% -18% -90% -81% 15.8%

.- o
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Acid phosphatase (AP) activity:

The data presented in table (34) depict the mean level of acid
‘phosphatase (AP) activity (kind and king units/g tissue) of the brain of
0. niloticus after exposing the fish to three doses of mixtures of iron and
manganese, iron and zinc, iron and copper, manganese and zinc,
manganese and copper and zinc and copper for 7days as compared with
that of the control group. It is clear that acid phosphatase activity of the
brain of Q. nijoticus of the contro! group was 0.695+0.06 kind and king
units/g tissue while that of those fish subjected to the low dose of the
mixtures of iron and manganese, iron and zinc, iron and copper,
manganese and zinc, manganese and copper and zinc and copper was
0.470+0.003, 0.49510.008, 0.44610.01, 0.479+0.005, 0.49610.01 and
0.53320.01 kind and king units/g tissue respectively. The data declare
that there was a significant decrease of brain AP activity of all of the
above mentioned mixtures of metals treated fish groups. The decrease
was 32%, 28.7%. 35.8%, 31%, 28.6% and 23% respectively.

Similarly the intermediate dose of metal mixtures applied to the fish
resulted in a more marked decrease of brain AP activity as compared
with that of the control group. These levels reached 0.33840.01, 0.323
0.005. 0.332+0.006, 0.322:+0.005, 0.38820.01 and 0.293+0.02 kind and
king units/g tissue respectively. These decreases were stalistically
significant (P<0.01) for all of the abovementioned mixtures of metal salts
treated fish groups. They revealed 51%, 53.5%. 52%, 53.6%, 44% and
57.8% of the mean control level respectively.
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The mean level of brain AP activity of the control group and of
those fishes subjected to the high dose of the metal mixtures of iron and
manganese, iron and zinc, manganese and zinc, manganese and copper
‘and zinc and copper were 0.69510.06, 0.259+0.01, 0.160+£0.009, 0.128+
0.007, 0.144+0.009 and 0.179£0.003 kind and king units/g tissue
respectively. These data show highly significant (P<0.001) decreases that
reached 62%. 76.9%, 81.5%, 79% and 74% of the mean control level.

As it can be seen from the table, the mean level of brain AP activity

was inhibited markedly due to treatment with the metal combination

mixtures and this inhibition was a dose dependent.




Roestlts

Table t34): Mean levels of acid phosphatase (AP} (kind and King Units/g tissue) activity of the brain
of Qreochromis niloticus after exposure to three levels of mixwres of iron and manganese,
iron and zinc, iron and copper, manganese and zinc, manganese and copper and zinc and
copper for 7 days (7 animals were used per test).

-
Control | Fe and Mn | Fe and Zn | Fe and Cu [Mn and Zn {Mn and Cu} Zn and Cu

Low dose
Meun £ S.E. 0,69520,06 1 0.470£0.003]0.495£0.008 ] 0.44620.01 §0.47910.005 ] 0.496£0.01 | 0.533£0.01
Ringe 1.537—0.93()0.457—0.48000.470—0.53 ).4(]5—0.500[).455—-0.495 ).464—-0.5504).477—0.617
Significance P<0.02 P<0.05 P02 P<0.0S P<0.0§ P<0.05
% of change 3% -28.7% -35.8% 3% -28.6% 3%
Intermediate dose
Meun £ S.E. 0.33840.01 J0.323+0.005]0.33240.006 J0.32220.005 | 0.388£0.01 § 0.29320.02
Runge 0.300—0.383 0.3()3—0.343'0.312—0.357 ).300—0.340].353—0.4090).219—0.433
Significance P<0.01 P<0.01 P<0.01 P<0.01 P<0.01 P<0.01
% of change -M% -53.5% -52% -53.6% -44% -57.8%
High dose
Mean = S.E. 0.25910.01 I:).lﬁ(lﬂ}.l)()‘) All fish  ]0.12820.0070.14420.009 | 0.179£0.003
Range r).ll(v—().Jl)() 126019 expied  P1O—0.1611.108—0.163 1.165—0.190]
Significance P<0.002 1 P<0.001 P<0.001 | P<DOOI § P<0.001
% of ichange 62% -76.9% -81.5% 9% -14%
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Alkaline phosphatase (AIP) activity:

The obtained data shown in table (35) represent the mean alkaline
phosphatase (AlP) (kind and king units/g tissue) activity of the brain of
O. niloticus after subjection to three levels of mixtures of iron and
manganese, iron and zinc, iron and copper, manganese and zinc,
manganese and copper and zinc and copper for 7days together with that
of the control group, The mean brain activity of AIP of the control
group was 1.58710.10 kind and king units/g tissue while those values of
fishes exposed to the low concentration of the previously cited metal
mixtures were 1.085+0.02, 0.91340.01, 1.111£0.02, 0.844+0.01, 1.140%
0.03 and 1.330+0.02 kind and king units/g tissue. 1t is clear that there
was a decrease of the mean brain AIP activity which was significant for
all of the groups of fish except for those treated with zinc and copper
mixture which was insignifiantly decreased. These decreases of the
enzyme activity attained 31.6%, 42%, 29.9%, 46.8%, 28% and 16%
respectively. '

It is evident from the same table (Table 35) that brain AIP of Q.
nilotjcus treated with the intermediate dose of the paired metals was
markedly decreased. This level was amounted to. 1.58710.10 for the
control group vyet, it was 0.965+0.01, 0795£0.02, 0.914+0.02, 0.634+
0.01, 0.89320.02 and 0.778£0.04 kind and king units/g tissue for the
mixtures of iron and manganese, iron and zine, iron and copper,
manganese and zinc¢, manganese and copper and zinc and copper treated
groups respectively. These decreases of the cnzyme activity were
significant. The decreases amounted to 39%, 49.9%, 42%, 60%. 43.7%

and 50.9% ol the mean control value respectively.
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The mean brain AIP activity of Q. niloticus subjected to the high
dose level of the combined metals (iron and manganese, iron and zinc,
manganese and zinc, manganese, and copper and zinc and copper) was
0.41510.01, 0.39740.02, 0.358+0.01, 0.655+0.05 and 0.587£0.06 kind
and king units/g tissue respectively. These data clearly show that the
decrease was more deeper and statistically highly significant (P<0.001)
for all of the forementioned mixtures. The decreases amounted to 73.8%,
74.9%, 77%. 58.7% and 63% of the mean control value respectively.

As it can be seen from table (35) that there was a more deeper
decrease of brain AIP activity with increasing the dose of the paired
metals and this decrease was a dose dependent. The high iron and copper
mixture dose treated fish was a lethal one. It is clear also that manganese
and copper mixture was of least effect and manganese and zinc mixture
has the highest effect. |
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Table (35): Mean levels of alkaline phosphatase (AIP) (kind and king Units/g tissue) activity of the
brain of Qreochromis piloticus after exposure to three levels of mixtures of iron and manga-
nese, iron and zinc, iron and copper, manganese and zinc, manganese and copper and zinc
and copper for 7 days (7 animals were used per test).

4 "\
Control | Fe and Mn | Fe and Zn | Fe and Cu |Mn and Zn [Mn and Cu | Zn and Cu

Low dose _
Mean £ S.E. 1.587£0.10 | 1.08520.02  0.913£0.01 | 1.111£0.02 | 0.84420.01 { 1.1400.03 | 1.330+0.02
Range fl.157--1.9351.028—1.176]0.873—0.98CH .000—1.1601.792—0.8821.000—1.3001.235—1.444
Significance P<0.01 P<0.0] P<iLI P<0,02 P<0.02 insig.
Yool Change -3 1.6% A% 29.9% -46.4% -38% -16%
Intermediate dose
Mean £ S.E, 0.9650.01 | 0.795£0.02 | 0.91420.02 | 0.634+0.01 | 0.89310.02 § 0.778+0.04
Range 0.918£1.030§0.72110.851 |0.825—0.990p.588—0.679D.803—0.952 ).S?l——().‘)O‘)r
Significance P<0.01 P<0.002 | P<(.01 P<0.001 P<0.01 P<0.002
% of chunge -39% 49.9% 42% -60% -43.7% -50.9%
High dose
Mean £ S.E. . 0415£0.01 1 0.39720.02]  All fish | 0.35820.01 | 0.655+0.05 | 0.58720.06
Range 1.363—0.471 J.3I5—().444r expired  [.297.-0.400).400—0.7821.3730.776
Significance P<0.001 § P<C.001 P<O.O01 | P<0O02 | P<OAE
% of ¢hange 13.8% -14.9% 1% -58.7% 63%
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Results

a) Erythrocyte count:
The data shown in table (36) present the mean erythrocyte count of

the blood of Oreachromis niloticus after exposure to the low dose of iron

and manganese, iron and zinc, iron and copper, manganese and zinc,
manganese and copper and zinc and copper mixtures (as salts) for a one
week period. The mean RBC was 3.80£0.43, 3.13£0.03, 3.60%
0.22,3.15£0.03, 3.1620.11 and 3.06:£0.03 X10%mm. respectively
compared with 2,50£0.2 X10°mm for that of the control fish group. It
is clear that there was a significant increase of the mean RBC count for

all of the forementioned metal mixtures treated groups. These increases
reached 52%, 25%, 44%, 26%, 26% and 22% respectively.

It is evident from the table also that the intermediate metal mixture
doses applied to the fish groups caused highly significant increases of
RBC counts (Table36) for all of the paired metals investigated. The
increases reached 68%, 26%, 66%, 33%, 38% and 24% of the

corresponding control value respectively.

Similarly the high metal mixture doses of the paired metals; iron
and manganese, iron and zinc, manganese and zinc, manganese and
copper and zinc and copper applied to the fish groups resulted in an
increase of RBC count. The mean count was 4.31+0.14, 3.26+0.07.
4.10£0.03, 3.8140.14 and 3.13+0.02 X10%mm respectively compared

with 2.5%0.20 X10%mm for the control group. These increases were
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statistically significant with a percentage of 72%, 30%, 64%, 52% and
25% respectively. '

As it can be seen from the data, the three doses of the metal mixture
groups applied to the fish resulted in a marked increase of erythrocyte
count of the Nile fish; Qreochromis niloticus.
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Table (36): Mean values of red blood cell count (RBC) (x109) of the blood of Qreochromis niloticus
after exposure to three concentration levels of mixtures of iron and manganese, iron and zinc;
iron and copper, manganese and zinc, manganese and copper and zinc and copper for 7 days(7
animals were used per test).

Control | Fe and Mn} Fe and Zn Fg and Cu [Mn and Zn |Mn and Cu} Zn and Cu

Low dose

Mean £ S.E. 2.5040.20 | 3.80£0.43 | 3.13£0.03 | 3.60£0.22 | 3.15£0.03 | 3.16£0.11 | 3.0620.03
Range 2003201 3152 |3.0-3.255] 3.0-43 | 3.1-33 | 3.0-375 | 3.0-32
Significance P<0.005 P<0.0§ P<(.02 P<0.05 P<0.05 P<OOS
% of change +32% +25% +44% +20% +26% +22%

Intermediste dose

Mean £S.E. - 4.240.053 | 3152006 | 4.1630.02 | 3.3320.14 | 3.4520.2 | 3.10£0.03

Range 4.0—44 | 3.0-345 | 41407 | 3.040 | 3.043 | 3032

Significance P<0.002 | P<0.05 P<0.002 | P<0.05 P<0.05 P<0.05

% of ¢hange +68% +16% +00% +33% +38% +24%
High dose

Mean £ S.E. 431+0.14 § 3.26£0.07 | Alifish | 4.1020.03 | 3.81+0.14 | 3.13£0.02
Range 4151 | 3035 | expied | 4042 | 3342 ] 3032

Significance P<0.002 | P<0.0S P<0.002 | P<BL0I P<0.05

% of ghange 2% +30% +64% +52% +25%

_ 146 -



Resulis

b) Blood haemoglobin:

The data presented in table (37) depict the mean values of blood
haemoglobin (Hb) (g/100 mi) of Qreochromis niloticus after treatment
with the three concentration levels of mixtures of iron and manganses,
iron and zinc, iron and copper, manganese and zinc, manganese and
copper and zinc and copper for one week period. It is evident from the
table that the mean value of Hb content of the control fish group was
8.51+0.13 g/100 ml whereas that for those fish raised in water
containing the low dose of the of the paired metals was 11.83+0.28,
11.0540.44, 12.0£0.23, 11.43£0.65, 9.66+0.19 and 11.16+0.43 g/100 lﬁl
respectively. Statistically, it is clear that the increase of mean Hb content
" of Q. piloticus was significant for all the forementioned metal mixtures
treated groups. These increases amounted 39%, 29.8%, 41%, 34%,

13.5% and 31% of the mean control value respectively.

With regards to the mean Hb content of the blood of Q. niloticus
treated with the intermediate mixture dose it was significantly increased
when compared with that of the control group (Table 37). The mean Hb
contept reached 12.6620.65, 11.2620.46, 13.50£0.51, 12.0+0.26, 11.0x
0.33 and 12.50+0.20 g/100 m! respectively. The increase reached 48.7%
in case of iron and manganese, 32% in case of iron and zinc, 58.6% iﬁ
case of iron and copper, 41% in case of manganese and zinc, 29% in case
of manganese and copper and 46.8% in case of zinc and copper mixture

treated groups respectively.
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The mean Hb content of Q. niloticus was markedly increased also
after subjecting the fish groups to the high dose of the paired metals, iron
and manganese, iron and zinc, manganese and zinc, manganese and
copper and zinc and copper, where the mean values reached 12.8310.43,
13.63+0.28, 12.48+0.37, 12.50£0.31 and 12.83+0.34 g/100 ml
" respectively. These increases were statistically highly significant (p<
0.001) for all of the forementioned metal mixture treated groups
respectively. Such increases reached 50.7%, 60%, 46.6%, 46.8% and
50.7% respectively.

It is clear from the previously cited data that applying any of the
three doses of the four metal combinations resulted in a marked increase
of blood Hb of Q. niloticus. The highest increase was recorded for the
intermediate dose mixture of iron and copper treated group and the least

one was that of manganese and copper treated one.
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Table (37): Mean values of haemoglobin level (Hb) (2/100 ml) of the blood of Qreochromis niloticus
after exposure to three concentration levels of mixtures of iron and manganese, iron and zinc,
iron and copper, manganese and zinc, manganese and copper and zinc and copper for 7 days
(7 unimals were used per test),

Control | Fe and Mn ] Fe and Zn | Fe and Cu [Mn and Zn {Mn and Cu} Zn and Cu
Low dose :
Mean £ S.E. 8514013 | 11.8340.28 | 11052044 ] 12.0£0.23 | 11.4320.65 | 9.6620.19 | 11.1630.43
Range 8089 | 11.0=13.0 F 9.8—12.0 | 11.0—-13.0 f 9.0—13.6 | 9.0—10.0 }10.0—13.0
Significance P<0.001 P<0.{X)] P<0.0 P<0.002 P<0.01 P<D.O}
% of change +39% +29.8% +41% +34% +13.5 +31%
Intermediate dose
Mean £ S.E. 12,66+0.65 | 11.2620.46 § 13.5020.51 | 1202026 | 11.020.33 ] 12.5040.20
Range 10.0—150 1 9.0—12.0 | 120=15.0 | 1LO—125 J10.0—12.0 | 120130
Significance P<0.01 P<0.01 P<0.001 | P<0001 | P<0.002 | P<0.001
% of ¢hange +48.7% +32% +38.6% +41% +29% +46.8%
High dose
Mean £ S.E. 128320.43 | 13632028 All fish ] 12.480.37 | 12.50£0.31 § 12.8340.34
Range 120150 | 20—140] expied | 11.0—133 | 12.0—14.0 | 120145
Significance P<0.001 § P<0.001 P<0.001 | P<0.001 | P<0.001
% of ¢hange + 50.7% +60% +40.6% +46.8% +30.7%
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Haematocrit value (HC%):

Table (38) shows the data obtained for packed cell volume of the
blood cells of Qreochromis niloticus after treatment with the three doses
of mixtures of iron and manganese, iron and zinc, iron and copper
manganese and zinc, manganese and copper and zinc and copper for a
one week period. As it can be depicted from the table there was a marked
increase in case of the low dose of the metal mixtures containing water.
The mean HC value of the control fish was 23.0+0.50 which increased to
reach 27.83+0.36, 28.0+0.33, 30.05%0.39, 25.50+0.20, 27.50%0.51,
29.66+0.19 for the above mentioned metal mixture groups respectively.
Statistical analysis showed that the increase of the mean HC value was
highly significant when compared with that of the control group. The
percentage of increase was 21%., 21.7%, 30.6%, 10.8%., 19.5% and
28.9% respectively.

However, the intermediate metal mixture dose subjected fish groups
revealed a deeper increase of HC values. The mean values were 30.66%
0.65, 30.0+0.52, 32.23+0.11, 27.0£0.40, 29.16+0.36 and 31.66+0.65%
. respegtively. It is clear that these increases of the HC value were
statisgically highly significant (p<0.001) for all the metal mixture groups
respectively. The percentage of increases were 33%, 30%., 40%, 17%.
26.7% and 37.6% respectively (Table 38).

HC value of Q. niloticus was markedly increased after treating the
fish groups with any of the high dose of metal mixtures. The mean values
were 33.26+0.54, 32.66£0.50, 29.0£0.20, 29.8310.49, 32.83+0.72% for
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the metal combinations of iron and manganese, iron and zinc, manganese
and zinc, manganese and copper and zinc and copper respectively.
Statistically all of the obtained values were highly significanly (p<0.001)
increased. The increases were 40%, 42%. 26%. 29.6% and 42.7% of the

mean contro} value respectively.

It is clear that combination of the four metals with each other at the
three different doses resulted in a significant increase of the mean HC

value when compared with that of the control group.




Kesults

Table (39): Mean corpuscluar volume (MCV), mean corpuscular haemog
lobine (MCH) and mean corpuscular heamoglobin concentration
(MCHC) of QOreochromis niloticus treated with paired metals
(iron and manganese, iron.and zinc, iron and copper, manganese
and zinc, manganese and copper and zinc and copper) atthree
dose levels for one week period.

MCV MCH MCHC )

low [intemediat| High | low {imenvediat| High | low [intermediat High
dose | dosc | dose | dose | dose | dose i dose | dose [ dose

Control 92 33.04 37
FeandMn | 73.2 | 63.0 | 77.2 | 310 | 300 [298 | 425 | 41.3 | 38.6
Feaand Zn | 89.5 | 95.2 | 77.2 | 353 | 357 [418 | 395 375 [417 |
Feand Cu | 83.5 1 77.5 - 33.3 | 325 - 399 419 -
MnandZn } 80.9 | 81.1 | 70.7 | 36.3 36 304 | 448 | 444 | 430
MnandCu | 87.6 | 84,5 [ 76.3 | 30.6 | 319 [328 | 35.1 | 37.7 [ 41 9

ZnandCu | 969 | 102.1 1049 1| 36.5 | 30.3 14099 | 37.6 395 | 39.1
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